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This  thesis  is  a critical  review  of  the  literature  on  the  occurance 
of  lead,  lead  products,  and  their  intrarelationship  to  the  epidemiology 


of  lead  poisoning.  ^ 

Lead  has  always  been  present  in  the  soil,  in  water,  and  in  air,  fol- 
lowing the  burning  of  wood  and  coal;  also  in  plants,  ooth  edible  and  in- 
ediole.  Lead  in  soil  ranges  from  2-200  ppm  and  averages  16  ppm.  Cholak, 
Schafer,  and  Sterling  found  the  lead  content  of  soil  in  Urban  Cincinnati 
to  oe  up  to  360  ppm.  In  natural  bodies  of  water,  the  concentration  is 
much  lower  - between  0.001  and  0.01  ppm.  Throughout  recorded  history, 
lead  has  been  well  known  and  widely  used  by  mankind.  The  prehistoric 
metal  was  used  for  glazing  pottery  by  the  early  Egyptians  dating  back  to 
7OOO-3OOO  B.C.  In  the  United  States,  some  lead  was  mined  in  Virginia  in 
1621  and  the  discovery  o f lead  in  the  Mississippi  Valley  was  reported  in 
19o0.  In  1763,  the  lead  industry  started  production  on  a permanent  basis. 
Since  that  time,  lead  has  continued  to  be  mined  and  used  on  an  escalating 
basis.  Mine  production  in  the  United  States  in  1974,  was  669  thousand 
tons,  while  the  domestic  consumption  was  1330  thousand  tons.  Since  1763, 
when  the  lead  industry  began  in  this  country,  94  billion  pounds  of  lead 
(this  total  excluded  all  lead  that  has  been  recycled),  have  been  consumed 
in  products  that  are  now  in  our  environment. 

The  hazards  of  lead  toxicity  in  the  mining  and  manufacturing  of  lead 
when  lead  dust  and  particularly  lead  fumes  are  encountered  , are  well 
known  and  monitored,  however,  there  may  be  many  additional  sources  of 
lead  in  the  environment  that  have  the  potential  for  adding  to  the  total 


body  burden  of  lead  as  evidenced  by  increased  biological  lead  levels.  It 
is  imperative  that  those  personnel  engaged  in  Industrial  Medicine  be  cog- 
nizant of  these  and  be  able  to  evaluate  their  potential  effect  on  the  ind- 
ustrial worker.  This  thesis  covers  the  history  of  the  Lead  Industry  with- 
in the  United  States,  the  sources  of  lead  used  in  commercial  products  and 
sources  of  lead  in  the  environment,  and  a review  of  the  epidemiological 
lead  poisoning  cases  appearing  in  recent  literature. 


I.  INTRODUCTION 


Lead  is  one  of  the  first  metals  used  by  ancient  man.  It  occurs 
everywhere  in  main's  environment,  in  his  food,  in  his  utensils,  in  his 
home  and  in  almost  everything  which  comes  into  intimate  contact  with  his 
tissues  (l)«  In  all  probability,  minute  quantities  of  lead  sntsr  his 
system  while  he  Is  still  nourished  in  the  placenta.  Lead  remains  in  his 
tissues  throughout  maturation  and  until  death.  Barring  any  massive 
accumulation  of  lead  within  the  system  or  any  greatly  increased  lead 
consumption  above  "normal,"  the  lead  appears  to  be  a benign  contaminant 
within  the  biologic  system.  In  the  "normal"  range  of  concentration  lead 
appears  to  play  neither  a beneficial  nor  a detrimental  role.  However, 
when  the  normal  range  is  greatly  exceeded  and  there  is  a massive  body 
lead  burden,  we  get  into  what  is  termed  lead  Intoxication. 

The  poisonous  properties  of  lead  were  discovered  early.  The  ancient 
Egyptians  are  said  to  have  used  lead  for  a homicidal  poison.  Inadvertently, 
the  ifigyptians  poisoned  themselves  by  using  lead  containers  to  store  their 
wine.  At  the  same  time,  their  slaves  fell  victim  to  occupational  lead 
poisoning  as  they  mined,  smelted  and  manufactured  lead  products  for  their 
masters.  As  early  as  the  Fourth  Century,  B.C.,  lead  toxicity  in  the 
mining  industry  was  recognized  and  recorded  by  Hippocrates  (2). 

Lead  has  perhaps  been  studied  more  than  any  other  metal  on  £arth. 
Certainly  more  has  been  written  on  the  properties  of  lead  and  its  compounds 
and  their  effects  on  the  biologic  system  than  any  other  metal.  In  fact, 
there  have  been  so  many  studies  and  such  voluminous  amounts  of  printed 
words  on  the  subject  of  lead  that  it  staggers  the  imagination.  The  amount 
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of  knowledge,  unfortunately,  does  not  correlate  even  closely  with  the 
volume  of  the  literary  output  on  the  subject  (l).  I'iany  studies,  at  least 
to  the  beginning  student,  seem  almost  irrelevant,  and  tend  to  lose  sight 
of  their  objectives.  Other  studies  are  confusing  and  there  are  apparent 
contradictions  among  the  experts.  Yet,  much  about  lead  and  the  biologic 
system  remains  unknown.  For  example,  it  is  not  known  whether  oomo 
quantity  of  lead  la  essential  or  evem  physiologically  ueefui  to  the  living 
organism.  Lead  is  ubiquitous,  so  ingrained  in  living  tissue  that  it  is 
nearly  impossible  to  study  cell  life  in  the  absence  of  lead. 

For  the  average  health  scientist  to  wade  through,  examine  and  inter- 
pret the  current  literature  would  require  great  quantities  of  valuable 
time  and  unimaginable  fortitude  and  he  would  probably  end  up  confused 
and  in  despair.  So  much  has  been  said  about  lead,  so  many  hypotheses  on 
the  effects  of  lead  have  been  postulated,  and  so  many  opinions  have  been 
offered  that  a search  of  the  literature  could  lead  to  bewilderment  and 
confusion.  The  world  renown  expert  on  lead,  Robert  A.  Kehoe,  has  stated 
that  laymon  know  littlo  of  tho  poisonous  proporties  of  lead  and  that  few 
phynlolnno  outside  of  industry  have  any  oxixtrlonos  that  qualifies  thorn 
to  diagnose  or  treat  lead  poisoning  (3).  It  has  been  assumed  that  many 
cases  of  lead  poisoning,  especially  those  occurring  in  very  young  children 
or  among  adults  who  have  no  obvious  exposure  to  lead,  go  unrecognized. 

It  is  the  purpose  of  this  paper  to  glean  from  the  prestigious  annals 
of  science  a simplified  thesis  on  lead  and  its  compounds.  It  is  hoped 
that  by  enumerating  lead  manufacturing  processes  and  products,  this  will 
give  the  health  scientist  insight  as  to  where  lead  hazards  could  exist. 
This  paper  will  discuss  lead  in  the  environment  and  some  of  the  processes 
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which  have  added  to  that  lead.  Its  aim  is  to  cover  the  most  recently 
reported  cases  of  lead  poisoning  and  to  correlate  the  lead  poisonings 
to  lead  products  or  processes.  To  attempt  to  write  a comprehensive 
critical  review  of  the  maaa  of  literature  on  the  biological  effects  of 
lead  and  its  products  would  be  foolhardy  and  presumptuous;  rather,  this 
paper  will  offer  a skeleton  framework  of  pertinent  information  on  the 
lead  industry,  lead  in  the  environment,  and  lead  poisoning. 
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II.  LEAD  PRODUCTION  AMD  UTILIZATION  IN  THE  UNITED  STATES 

A . Background 

Throughout  recorded  history  lead  has  been  well  known  and  widely  used 
by  mankind.  lead  was  among  the  first  motaln  known  to  the  oarly  Egyptians, 
llnbrnwn  and  Plionnlnlmin  find  many  u('  Urn  aim  Vent,  appl  tnatAonn  haV'i  rnVnlmd 
through  the  centuries,  Tho  prohistoric  metal  wao  thought  to  havo  boon  used 
for  glazing  pottery  by  tho  early  Egyptians  dating  back  to  7000-5000  B.C. 

The  earliest  known  specimen  of  lead,  a figure  from  the  area  of  the  Dardanelles 
on  the  site  of  an  ancient  city  called  Abydos,  dates  from  3000  B.G.  Old 
lead  pipes  have  been  found  in  Egypt  and  the  hanging  gardens  of  Babylon 
were  said  to  have  been  floored  with  soldered  sheets  of  lead  (4). 

In  the  United  States,  some  lead  was  mined  in  Virginia  as  early  as  1621 
and  the  discovery  of  lead  in  the  i-iississippi  Valley  was  reported  in  1690. 

In  1763  tho  lead  Industry  started  production  on  a permanent  basis  (5).  Since 
that  time  load  has  continued  to  be  mined  (Figure  1.)  and  used  on  an  escalat- 
in’1; ban  In  (l,llgura  7 and  Tahiti  l),  .Huh  piwhinldon  In  Mm  United  iUnl»r»  In 
197^  was  669,000  tons,  while  tho  domestic  consumption  was  1 ,550,000  ton3  (6). 
Although  the  United  States  has  boon  tho  world's  loading  lead-mining  nation 


from  I.929  to  1974,  it  has  required  additional  sources  of  lead  to  meet  do- 
mestic requirements  which  have  increased  from  605,000  tons  in  1920  to  over 
1 .5  million  ton3  in  1974.  Production  from  scrap  (recycled  lead)  was  first 
reported  in  1907  at  26,000  tons  and  in  1974  it  was  up  to  632,000  tons, 
nearly  41  percent  of  the  total  consumption.  Approximately  3*6  million 


tons  of  lead  wore  consumed  on  a world -wide  basis  in  1974  (6,  7)* 

The  relative  inertness  and  malleability  of  lead  enhances  its  usefulness 


FIGURE  2 1 UNITED  STATES*  CONSUMPTION  OF  LEAD 


Average  Yearly  Consumption  for  10  Year  Periods,  1900-197^ 


Thousands 
of  Tons 
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TABLE  li  UNITED  STATES'  CONSUMPTION  OF  LEAD 
(in  Thousands  of  Tons) 
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to  man.  It  is  easily  worked  and  is  non-corrosive,  making  it  the  ideal 
metal  for  a large  number  and  variety  of  materials  and  processes.  Many 
of  the  processes  utilizing  lead  have  changed  in  recent  years  due  to 
enacted  laws  and  regulations,  itowovor , as  old  processes  are  deleted, 
new  ones  tend  to  increase  the  demand  for  lead.  The  United  States'  con- 
sumption of  load  continuos  to  riGO.  'fronds  in  tho  consumption  of  load 
within  tho  Unitod  Staton  can  bo  noon  in  Table  1,  Jond  in  all  around  ue| 
it  starts  our  cars,  until  rocortly  was  uood  to  koop  tho  knock  out  of  our 
engines  and  makes  the  car  bodies  sleek  and  smooth.  It  was  the  paint  on 
our  houses  and  remains  the  corrosive  resistant  coating  on  our  bridges, 
is  in  tho  glazes  on  tiles  and  the  porcelain  enamel  and  on  aluminum j it  is 
in  the  finest  crystal  and  optical  glass.  It  shields  against  radiation. 

It  makes  the  joints  in  cast  iron  pipe  and  has  been  the  type  metal  from 
which  wo  printed  (8).  Lead  radionuclides  are  useful  in  geologic  dating 
and  documenting  the  cycling  of  the  metal  in  the  ecosystems  (9)*  Lead  is 
ubiquitous  in  the  environment  and  is  present  in  small  amounts  in  all 

living  things,  i 

B.  Unitod  States*  Lead  Industry 

1. . General 

L * 

The  United  States’  lead  industry  is  the  largest  in  the  world.  It 
has  developed  from  small,  intermittent  mining  operations  producing  1,000 
ton3  per  year  to  669,000  tons  in  197*1-,  which  presently  accounts  for  26.5 
porcent  of  the  total  world  output.  While  United  States'  mining  accounted 
for  26.5  percent  of  the  world's  total  output,  United  States’  consumption 
accounted  for  *J-3«3  percent  of  tho  world’s  total,  or  for  1,550»000  tons. 


It  is  estimated  that  over  70  million  tons  of  lead  have  been  consumed  in 
the  United  States  since  production  began  in  1763  (?)• 

The  supply  of  lead  to  meet  domestic  requirements  is  derived  from 
four  sources)  domestic  mine  production,  imported  ore,  concentrated 
imported  metal,  and  domestic  secondary  metal.  In  1974,  domestic  ore 
accounted  for  88  percent  of  the  764,000  tons  of  primary  refined  and 
antimonial  lead  output  and  imports  of  ore  and  bullion  for  12  percent. 

Domestically  refined  primary  lead  supplied  44  percent  of  the  1 .74  million- 
ton  apparent  demand  for  lead  in  1974;  imports  of  metal  provided  for 
seven  percent,  and  secondary  lead  for  36  percent.  The  rest  came  from 
industry  stock  reduction  and  Government  releases  (6). 

2.  Primary  Sources 

Lead  is  derived  from  ores  varying  widely  in  lead  content  as  well  as 
other  metals  recovered  as  co-products  or  by-products;  sources  of  lead 
range  from  the  virtually  zinc-free  lead  ores  of  the  old  Missouri  lead 
belt  through  the  complex  lead-zinc  ores  of  the  Western  States  to  the 
nearly  load-free  zinc  ores  of  the  eastern  States.  Essentially,  all  ore 
is  mined  by  subsurfaco  methods,  and  the  ore  is  benoficiatod  at  the  mine 
site.  The  concentrates  are  shipped  to  smelters  and  refineries  for  re- 
covery of  by-product  metal  and  production  of  commercial  grades  of  refined 

. 

lead. 

3.  Secondary  Sources 

liooondary  load  in  load  derived  from  salvage  of  worn  out  end-product 
items,  such  as  battery  plates,  cable  covering,  pipe,  and  sheet,  which 
aro  collected,  romoltod,  and  refined  in  secondary  omoltors  to  produce 

— j 
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refined  lead  or  various  lead -base  alloys.  The  secondary  lead  industry 
is  of  major  importance  in  the  domestic  supply  pattern,  as  lead  recovered 
from  scrap  materials  has  exceeded  domestic  mine  production  since  1945 
and  domestic  primary  motal  production  since  195^*  Over  200  companies 
process  lead  scrap,  principally  old  batteries  (approximately  75  percent), 
and  produce  alloy  lead  for  industrial  uso.  Gasoline  additives  and  plg- 
iwiiln  nro  Lh»  mtjof  iwlncorinn  Is  uh ).«h  I'wl  in  jmi'miwnLly  JonL,  and 
galvanizing,  foil,  ooldor,  and  colla]>3iblo  tubos  aro  to  a largo  dogroo 
also  unreclaimable . The  National  Lead  Company  and  the  American  Smolting 
and  Refining  Company  own  and  operate,  through  subsidiaries,  secondary 
sme Iters  having  almost  50  percent  of  the  secondary  capacity.  The  re- 
maining 50  percent  is  owned  and  operated  by  companies,  usually  limited 
in  scope,  producing  various  metals  from  secondary  materials.  These 
small  operations  tend  to  have  minimal  or  non-existent  occupational  health 
programs  and  give  the  greatest  risk  of  producing  lead  intoxication. 

4t fionnuniptipn.  J^ittojoi 

Tho  consumption  pnttorn  of  load  lias  cluingod  significantly  an  now 
technological  developments  have  utilized  the  versatility  of  lead.  The 
major  use  of  lead  initially  was  in  building  construction  and  piping, 
owing  to  its  corrosion  resistance  and  formability.  uany  of  its  present 
uses  are  recent  developments.  Figures  3 and  4 compare  the  consumption 
of  lead  by  products  in  1925  and  1974.  Figure  5 is  a composite  of  U.  S. 
consumption  of  lead  by  product  from  1925  to  1974.  Today  lead  is  vital 
to  transportation,  communications  and  electrical  power  transmission  and 
is  used  in  the  medical  fiold,  atomic  energy  and  many  chemicals.  Lead  is 


FIGURE  3*  U.  S.  CONSUMPTION  OF  LEAD  BY  PRODUCT,  1925 
Total i 857*000  Short  Tons 
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FIGURE  4 i U.  S.  CONSUMPTION  OF  LEAD  BY  PRODUCT,  1974 
Total!  1,550,000  Short  Tons 
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still  used  in  construction  to  provide  noise,  vibration,  corrosion  and 
moisture  control.  In  recent  years  there  has  been  an  increasing  demand 
for  battery-powered  vohiclos  for  industrial  delivery,  material  handling 
and  sport  use. 

C.  Lead  Consumption  in  tho  united  States 

Storage  battorlon  accounted  for  more  than  half  Lone)  of  tho 

total  lead  consumed  in  1974.  Over  17  million  tons  of  lead  have  been  used 
in  the  battery  industry — or  approximately  24  percent  of  the  total  lead 
consumption.  Technological  improvements  and  efficiency  in  manufacture, 
combined  with  the  low-cost  of  materials  have  helped  to  maintain  the 
position  of  the  lead  storage  battery  far  ahead  of  its  nearest  competitors 
for  portable  power  sources.  The  increasing  numbers  of  new  motor  vehicles, 
as  well  as  the  growing  number  of  vehicles  on  the  road  which  require  re- 
placement batteries,  have  been  the  principal  factors  in  the  growth  of  lead 
storage  batteries.  Tho  battery  industry  ha3  continued  to  develop  more 
powerful.,  longor-TVfu  lml  to  ri  on,  Thin  twin  boon  aonompl  1 nhod  by  } no  muting 
the  ratio  of  lead  oxide,  tho  active  part  of  the  battery,  over  the  inert 
part  from  50*50  to  60i40.  As  a result,  for  the  same  amount  of  lead  and 
oxide,  today's  automotive  battery  provides  three  times  more  current  for 
starting  an  engine  than  the  battery  of  20  years  ago.  An  associated  market, 
with  long  range  potential,  is  the  battery-powered  urban  vehicle  for  limited 
range  service.  Such  vehicles  are  pollution  free  and  contribute  to  overall 
fuel  economy  by  using  off-peak  power  (lO).  Batteries  are  the  fastest 
growing  and  largest  outlet  for  lead  throughout  the  world — for  motor  cars, 
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electric  vehicles,  and  other  appliances,  for  emergency  lighting,  et  cetera, 
wherever  portable  power  sources  are  required.  About  half  of  the  lead  used 
in  batteries  is  in  the  form  of  lead  alloys  and  the  other  half  is  in  the 
form  of  oxides.  The  essential  unit  of  the  storage  battery  is  the  plate 
containing  a conductive  framework  or  grid  which  serves  to  hold  the  active 
lead  matorial.  The  nogatlvo  plato  in  tho  finishod  battory  consists  of 
motallio  load  in  a porous  or  sponge  form,  while  tho  ixmltlvo  plato  in 
lead  poroxide.  Amporago  in  built  up  by  placing  a number  of  platoo  in 
parallel.  Batteries  are,  in  fact,  enclosed  packages  containing  about  20 
percent  lead  where  little  or  none  of  the  lead  in  them  can  enter  the  environ- 
ment during  their  use.  Virtually  all  tho  lead  used  in  the  batteries  is 
recovered,  largely  within  the  short  period  of  three  to  four  years  (ll). 

The  reclamation  of  lead  is  primarily  from  batteries  and  accounts  for  most 
of  the  recorded  23  million  tons  of  recycled  lead  in  the  United  States  (7). 

The  problems  with  lead  in  batteries,  from  a health  standard,  arise  in 
the  manufacture  of  the  batteries,  usually  a closely  scrutinized  and  medically 
supervised  prososn,  and  reclamation  of  usod  battorlon,  a proooso  not  always 
00  closely  scrutinized  and  supervised.  Other  reported  oasoo  of  lead  poi- 
soning have  come  from  tho  burning  of  battery  casing  for  home  fuel  and  the 
dicing  of  motor  car  bodies  (l2). 

2.  Petroleum 

The  petroleum  industry  used  251,000  tons  of  lead  as  a gasoline  anti- 
knock additive  in  197^.  Since  its  introduction  in  the  early  1.940's,  lead 
as  a gasoline  additive  has  accounted  for  14.1  percent  of  the  total  con- 
sumption. Comparing  lead  additives  to  gasoline  with  other  lead  products 
since  1925 1 it  accounts  for  just  a little  over  eight  percent  of  the  total. 
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Lead  as  an  additive  has  slipped  from  a high  of  230,000  tons  in  1970,  due 
to  the  influence  of  new  cars  burning  non-leaded  gasoline  and  a lesser 
number  of  miles  being  driven.  Tho  Environmental  Protection  Agency  ruled 
in  1973  that  lead  in  gasoline  must  bo  roducod  by  two-thirds  by  1979  (13) • 

The  Clean  Air  Act  Amendments  required  control  of  hydrocarbons , carbon 
munoxl.'lo  and  nitrogen  oxldon,  T|>n  mnjiorinn  of  tlin  automobile  lnduniry 
in  mooting  tho  1975  otandarda  wan  to  out  ploy  catalytic  roaotorn  on  their 
oxhaust  systems.  As  theGO  arc  foulod  by  lead  in  gasolino,  most  1975  nodol 
cars  must  use  unleaded  gasoline.  The  net  effect  of  the  reduced  amounts 
of  lead  in  gasoline  is  unknown.  Actually,  the  petroleum  industry  uses 
more  lead  than  indicated,  because  it  employs  large  quantities  of  sheet 
lead  and  lead  pipe  in  the  construction  of  corrosion-resistant  equipment. 

Lead  is  also  used  in  heavy-duty  greases — for  example,  for  use  under  water 
where  its  lubricating  properties  are  effective  after  the  grease  has  been 
exhausted,  and  in  gear  compounds  for  drilling  machinery.  Approximately 
2,000  tons  per  year  aro  consumed  in  this  manner,  which  does  not  apply  to 
automotive  groanos  (9). 

Totraolhyl  and  totramoLhyl  load  have  been  added  to  gasoline  boouutui 
this  has  boen  the  moot  convenient  and  economical  method  of  increasing  the 
octane  ratings  of  all  grades  of  gasoline  which  improves  tho  performance 
of  modem  high-compression  engines.  Lead  has  good  cost  effectiveness  in 
raising  the  octane  number,  is  beneficial  in  the  preparation  of  a balanced 
gasoline,  provides  blending  flexibility  in  tho  refinery,  prevents  valve 
seat  sinkage,  and  reduces  carbon  emission  (l4).  Load  is  added  to  gasoline 
in  the  form  of  tetraethyl  or  tetramethyl  in  amounts  ranging  from  a few 
drops  up  to  four  cubic  contimoters  per  gallon.  Of  the  5 *695 1 000  tons  of 
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lead  that  have  been  added  to  gasoline,  approximately  one-fourth  was  re- 
tained in  the  car — in  the  exhaust  system,  the  engine  oil,  and  filters. 

The  rest  of  the  lead,  4,270,000  tons,  was  discharged  in  the  exhaust  with 
the  gaseous  products  of  combustion,  tho  load  itsolf  being  mainly  in  tho 
form  of  fino  particles  of  lead  compounds,  which  constitute  about  one- 
third  by  woight  of  tho  solids  in  tho  oxhaunt.  Half  of  tho  load -containing 
int'Lloulalnn  falls  l.o  U»««  gruuinl  wVl.liln  a J'ow  lutnd i'siI  font,  of  rsudimyn 
and  is  then  washed  away  and  disporsod  in  tho  soil  and  drains.  Finer 
particles  may  be  carried  considerable  distances  before  they  are  even- 
tually deposited  (ll , 15). 

3.  Pirment  Colors 

Tho  paint  industry,  the  third  largest  user  of  lead  in  1974,  utilized 
107,000  tons  of  lead.  It  has  accounted  for  more  than  5*725,000  tons  of 
lead  since  1925  or  11  percent  of  the  total  United  States'  consumption. 

Of  this  portion,  2,184,000  tons  were  white  lead..  The  weathering  charac- 
teristics in  white  lead  and  red  load  mako  thorn  valuable  for  outdoor  use, 
While  load,  Ixirvlu  load  om'lnmnlo  (.U'lidO  j.Tb(0ll);j) , was,  lit  the  jkimI, 
extensively  u3od  as  a pigment  for  paints.  About  50  percent  of  tho  white 
exterior  house  paints  on  today's  markets  are  oil  based  and  contain  amounts 
of  white  lead  that  vary  with  the  manufacturer's  formula.  In  recent  years 
production  ha3  been  declining  sharply  (Figure  6)  and  in  197^  accounted  for 
only  2,400  tons  of  lead.  Only  part  of  the  white  lead  is  used  in  paints, 
the  other  major  use  being  as  a stabilizer  in  plastic  sheathing  for  cables. 

The  traditional  white  lead  paint  weathered  by  "chalking"  and  so  some 
of  the  lead  caroonato  would  havo  been  washed  away  by  rain,  to  be  dispersed 
into  the  environment.  The  widespread  use  of  white  lead  paints  in  the  past, 
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both  Indoors  and  outdoors,  means  there  are  many  old  buildings  in  which 
these  paints  can  still  be  found,  even  though  they  may  have  been  covered 
with  other  paints.  Lead  paints  constitute  a rocognized  hazard  because 
of  flawing  and  chalking  and  from  tho  lead -containing  particloo  re loaned 
when  old  painted  timber  and  painted  furniture  are  burned. 

Ovor  3 /AO, 000  tone  of  lend  have  boon  unnd  in  rod  load  and  litharge 
olnco  1.925  (?).  Uod  load  and  tho  more  recently  developed  calcium  pliimlvilo 
are  widely  usod  as  rust-inhibiting  pignonts  in  primers  for  iron  and  3tool, 
The  primary  health  problem  here  lies  with  the  wolder  who  would  cut  through 
thick  layers  of  load-based  paint  or  primers  with  an  oxyacetylene  flame, 
producing  lead  fumes.  When  welding  is  done  in  a confined  space,  it  presents 
a major  lead  hazard  and  one  which  is  difficult  to  control  without  fitting 
the  workman  with  a fresh-air  breathing  apparatus. 

Lead  chromates  provided  some  1.6,000  tons  (as  lead)  of  yellow,  green, 
and  red  pigment  colors  in  1.97^«  These  found  many  uses,  for  example,  in 
traffic  marking  paints  and  printing  inks  (6),  However,  load  enromato  is 
among  tho  Tmuit  nolublo  of  n'KI  load  compounds,  Tho  paint  .Industry  uses 
sovoral  othor  lead  compounds,  including  wlilto  basic  load  nulfato  and  bluo 
basic  load  sulfate.  Tho  load  associated  with  "load  pencils"  is  load 
chromate  which  has  been  usod  in  tho  yellow  paint  pigmont.  Lead  pigmented 
paints,  like  all  paints,  tend  to  be  eroded  and,  therefore,  can  be  said  to 
constitute  a source  of  lead  Clearing  the  environment.  Othor  lead  pigments 
are  usod  In  paint  for  ceramics,  crockery,  glass,  printing  fabrics,  artist's 
colors,  marking  pencils,  engraving,  and  dyes.  Lead  is  also  used  as  a drier 
in  paints  for  glazes  and  enamels  on  pottery,  porcelain  and  chinaware. 


20- 


L.  Ammunition 

The  ammunition  industry  accounted  for  87,000  tons  of  lead  in  197^ 
and  2,600,000  tons  (five  percent)  of  tho  total  United  States'  consumption 
since  1925.  Thero  are  3coroo  of  types  and  sizes  of  bullots  and  shot 
manufactured  for  cartridges  for  tho  many  typos  of  guns,  rifles,  pistols 
and  mnchino  guns  that  oxist,  A nurnbor  of  chomical  compounds  of  lead  are 
also  important;  in  ammunition.  Uwvl  ii'/.l'lo  In  pfoltahly  inorit  liiijmrlnut  an 
a detonator  for  explosives,  whilo  lead  nulfocyanato , nltrato,  poroxido 
and  styphnate  may  also  be  employed.  Antimonial  lead  is  used  for  shrapnel 
balls  and  for  practice  bombs  used  by  military  fliers.  Ammunition  used  to 
train  airplane  gunners  is  made  from  a mixture  of  lead  powder  and  plastic 
so  they  shatter  when  striking  tho  plane's  special  armor,  instead  of  pene- 
trating it.  A lead  poisoning  potentially  has  been  reported  from  lead  dust 
in  shooting  galleries  and  there  may  be  an  additional  lead  body  burden  from 
eating  game  killed  with  lead  shot. 

i_. Soldoj; 

Uoldnrl  ng  pi'oOMnrvin  itnnil  (i4,00t)  t.mut  of  l>wl  .1, n 1 'f/h  and  .‘,,64  ),0(K) 
tons  (5.1  porcont)  since  Load-containing  solders  havo  many  appli- 

cations, mostly  in  industrial  procossoo,  and  are  used  oxtonsivoly  in  tho 
electrical  industry  and  plumbing  and  in  the  canning  industry.  The  tin  can 
industry  uses  7i000  tons  of  lead  per  year  just  for  soldering  seams  and 
closures.  In  addition,  it  uses  an  inseparable  amount,  classified  under 
coatings,  in  tho  form  of  teme  plate  (8).  For  soldering,  tho  automobile 
industry  uses  about  12,000  tons  per  year  and  in  addition  to  the  solder 
used  for  tho  radiators,  uses  load  Golder  to  smooth  out  joints  and  other 
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irregularities  in  the  body  surface.  Automobile  body  shops  have,  in  the 
past,  been  users  of  body  solders  to  help  heal  the  wounds  inflicted  in 
modem  traffic. 

The  moot  frequent  source  of  non-industrial  lead  poisoning  in  adults 
is  from  moonshine  whiskey  contaminatod  viith  load  from  the  use  of  automobile 
rodiators  in  tho  distilling  proconn  (l2).  In  oxcann  of  200  miorogmmn 
per  13  Imp  of  load  haw  Ikhih  found  3n  nuiuiod  J'ooUn  ami  ban  boon  alLrl  bufml 
to  loaching  from  tho  soldered  seams  (lo).  Canned  milk  has  boon  analyzed 
to  have  in  excess  of  800  micrograms  of  lead  per  liter  (l 7). 

6 . Cable  Covering 

Thirty-nino  thousand  tons  of  lead  wore  used  for  cable  coverings  in 
197^»  and  4,780,000  tons  have  been  used  for  cables  since  1925  (9.2  percent). 
Lead  is  used  in  the  construction  of  two  general  types  of  electrical  cable — 
cable  for  communications  ovor  telephone  and  telograph  lines  and  cable  for 
the  transmission  and  distribution  of  electric  power,  both  in  overhead  and 
underground  line  construction  (8).  Thore  are  thousands  of  miles  of  lead- 
flheatlmd  nablo  in  nan  today,  mnnh  of  it  buried  in  the  ground, 


7.  Construction 

In  1974,  55 » 000  tons  of  lead  were  used  in  tho  construction  industry, 
primarily  as  pipe,  sheet  and  caulking  lead.  Since  1925*  ovor  4,825,000 
tons  of  lead  havo  been  used  in  construction  (9*3  percent). 

a.  Lead  Pipe 

Lead  pipe  is  used  in  the  plumbing  system  to  handle  plumbing 
wastes  and  has  boon  used  in  the  water  distribution  system  to  conduct 
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water  from  the  street.  Supposedly,  today  lead  pipes  are  seldom  used  in 
this  country  to  carry  potable  water;  however,  many  older  buildings  still 
use  lead  piping  (l8).  Lead  water  pipes  can  cause  problems  when  the  water 
carried  in  them  is  plumbo-solvont.  Considerable  literature  has  appeared 
on  the  subject  of  the  solvent  action  of  certain  natural  waters  on  lead. 

It  is  generally  accepted  if  the  water  is  of  sufficient  hardness  no  dissolution 
of  thn  metallic  load  in  the  piping  nyntoin  l.akon  piano  and  thorn  in  no  danger 
of  loud  intoxication  from  this  nouroo,  llonovor,  water  must  have  a total 
hardness  of  at  least  50  milligrams  per  liter  to  form  a protective  film  of 
basic  carbonate  on  the  insides  of  the  pipes  to  prevent  the  lead  from  becoming 
solvent.  In  addition  to  the  lead  pipe  used  in  plumbing  there  are  lead  traps, 
lead  bends,  lead  vent  pipes,  lead  floor  flanges  for  setting  water  closets, 
lead  hangers  for  lead  pipes,  and  shower  pans  and  other  water- proofing 
throughout  the  system.  In  industrial  application  lead  pipe  is  used  exten- 
sively to  conduct  corrosive  chemicals.  There  has  been  a decreased  demand 
for  lead  pipo  in  plumbing  comparod  to  what  it  wan  in  the  past,  but  there 
oxlnto  a largo  amount  of  load  pipo  in  oldor  conntruction. 

b.  Sheet  Lead 

Sheet  lead  is  used  to  a limited  extent  in  roofing,  flashing, 
gutters  and  the  like  on  the  more  monumental  buildings,  or  buildings  where 
special  corrosive  problems  are  involved.  Sheet  lead  is  used  principally 
in  the  various  chemical  industries  handling  sulfuric  acid,  as  well  as 
other  acids,  plating  baths,  and  tanks  for  chemical  processing.  Lead  is 
also  used  in  vibration  and  radiation  isolation.  The  widest  use  of  lead 
in  Isolating  vibration  is  for  the  foundations  of  buildings  adjacent  to 
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railroad  tracks  or  other  sources  of  vibration.  Similarly,  lead  is  fre- 
quently used  under  machinery  foundations  in  buildings  to  prevent  the 
vibration  of  machines  from  being  transmitted  to  the  building. 

c . Caulking  Lead 

Caulking  lead  (9,982,000  tons  since  1925)  is  simply  Boft 
metallic  load  wliono  main  uoo  in  to  mako  joints  in  onnt  iron  water  inainn, 
sewer  and  soil  pipe, 

8.  Type  Metal 

Type  metal  accounted  for  20,000  tons  of  lead  in  197^  and  over 
1,100,000  tons  (2.1  percent)  since  1925.  A modern  newspaper  plant 
may  use  100  tons  of  stereotype  metal  cast  several  times  over  within  a 
24  hour  period.  In  an  in  vitro  study  of  the  extractability  of  lead  in 
printed  matter  it  was  found  that  up  to  200  micrograms  of  lead  could  be 
extracted  from  "small"  pieces  of  paper  at  pK  values  in  the  range  of  human 
gastric  fluid  (19). 


and 

'Twenty  thousand  tons  of  lead  were  used  in  brass  and  bronze  in  197^» 
either  for  the  properties  it  imparts  to  bronze  for  bearings  or  for  free 
machinability  in  brass.  Statistics  available  only  since  1951  show  that 
534,000  tons  have  been  used  in  conjunction  with  brass  and  bronze. 


10.  Weights  and  Ballasts 

Twenty  thousand  tons  of  lead  were  used  in  weights  and  ballasts  in 


^4. 


197^«  Statistics  available  only  since  1951  show  that  over  300,000  tons 
of  lead  have  been  used  as  weights  and  ballasts.  The  use  of  lead  as  weights 
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or  balances  are  numerous;  a few  are  balances  for;  machinery,  locomotive 
and  train  wheels,  automobile  wheels,  anti-aircraft  guns,  diver's  equipment, 
industrial  trucks,  airplane  control  surfaces  and  propellers,  naval  ballasts, 
fishing  sinkers  and  seine  weights. 

11.  Bearings 

Boarlngn  aooountod  for  14,000  tons  of  lend  uned  In  1974  and  1,209,000 
tons  (2.3  peroent)  alnoe  1925*  Lead-bane  alloys  are  being  used  today  in 
almost  all  kinds  of  bearing  applications.  Among  these  are  automotive 
connecting  rod,  main  and  camshaft  bearings,  diesel  engine  bearings,  steel 

mill  bearings,  older  railroad  car  journal  bearings,  all  kinds  of  electric 

\ 

motor  bearings  and  a variety  of  other  industrial  applications. 

1.2,  Miscellaneous 

Of  the  total  1,550,000  tons  of  lead  used  in  the  United  States  in 
1974,  40,000  tons  have  not  been  accounted  for  and  will  be  lumped  together 
as  miscellaneous  and  only  the  more  important  uses  will  be  discussed  in 
any  detail. 

Approximately  2,500  Lonn  of  load  linvn  boon  unod  In  |«ntloldon  prtr 
year  (decreasing  since  1946).  Some  of  the  compounds  used  as  pesticides 
are  lead  arsenates,  lead  phonolates,  lead  nitrates  and  lead  monoxide. 

A growing  use  of  lead  is  as  a stabilizer  in  plastics.  While  the  lead 
content  is  usually  small,  amounting  to  only  a few  percent,  the  total  use 
for  this  purpose  amounts  to  several  thousand  tons  per  year.  The  principal 
use  is  in  vinyl  plastics  for  electrical  cable  Insulation,  but  it  is  also 
used  in  plastics  for  many  other  purposes  such  as  floor  coverings,  hose 


pipe  and  sheet. 

A number  of  commercial  uses  exist  for  powdered  lead.  Lead  powders 


are  used  as  a constituent  of  bearings,  brake  and  clutch  facings,  as  a 
plastic  filler,  in  the  manufacture  of  rubber,  free  machining  steel, 
paints,  lubricants  and  pipe  joint  compounds. 

Lead  wool  is  used  for  the  same  purposes  as  caulking  lead,  but  since 
it  is  used  in  solid  form  without  heat  it  can  be  employed  under  water  or 
in  gaseous  locations  whore  heat  would  be  dangerous  or  impossible  to  uoo. 

It  in  alno  used  for  plugging  oil.  w«lln,  Iioai]  in  unad  for  molding  plaotlUH, 
rubber  hose,  and  in  impression  load  used  in  the  printing  trades,  as  well 
as  dyes  for  stamping  aluminum. 

Lead  foil,  collapsible  tubes  and  seals  all  play  important  roles  in 
modern  packaging.  Lead  collapsible  tubes  are  used  for  paste  products, 
such  as  mucilage,  shaving  and  dental  cream  and  colors-in-oil.  Lead  foil 
is  used  by  the  Military  Ordinance  Department  for  packaging  various  ordinance 
materials.  It  is  used  for  packaging  x-ray  and  Polaroid  film.  In  addion 
to  packaging,  foil  is  used  extensively  in  the  manufacture  of  paper-wound 
condensers  and  mica  condensers  for  use  in  various  electronic  circuits 
including  television  and  radio  sets.  Load  foil  is  used  in  metallic  packing. 
Alno,  it  wan  a familiar  night  at  Christman  tlino  an  a Christman  troo  dooo- 
ration  in  the  form  of  tinsel  (20). 

The  use  of  lead  in  the  ceramic  and  glass  industry  has  increased  sub- 
stantially in  the  last  few  years  and  now  consumes  upwards  of  30,000  tons 
per  year,  mostly  in  the  form  of  oxides  and  silicate,  many  which  are  imported 
and  do  not  show  in  the  consumption  statistics.  The  finest  glass  tableware 
and  optical  glass,  as  well  as  most  glass  for  electrical  and  shielding 
purposes,  may  contain  large  amounts  of  lead.  Glazes  for  china  and  many 
structural  clay  products  may  also  contain  lead.  Lead  is  also  used  in 
electronic  applications,  such  as  lead  zirconate-titanate , as  piezo-electric 
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product  in  ultrasonic  cleaners  and  lead  telluride  in  thermo-olectrlc 
materials,  i'iany  other  chemical  compounds  of  lead  are  of  considerable 
commercial  importance.  Lead  is  used  in  bronzing  gold  poncils,  mosaics, 
printing  and  photography.  It  is  used  in  the  manufacture  of  matches, 
explosives  and  fireworks.  Also,  lead,  in  varying  amounts,  is  used  for 
canting  motalo,  manufacturing  ohomlcaln,  annoaling,  galvanizing,  and 
lead  plating, 

D.  Industrial  Lead  Poisoning 

In  1913  at  least  1,770  cases  of  lead  poisoning  in  the  U.S.A.  were 
reported  in  19  plants  employing  some  7,500  persons.  These  included  41 
encephalopathies,  35  cases  of  paralysis  and  1.6  deaths  (21 ).  These  figures 
contrast  greatly  with  the  present  situation  where  cases  of  industrial 
lead  intoxication  rarely  occur  in  the  over  1.6  million  workers  exposed 
to  lead  (22).  The  recently  reported  cases  of  industrial  lead  poisoning 
in  no  way  correlate  to  the  severity  of  cases  reported  30  to  40  years 
ago.  The  alleviation  of  industrial  lead  poisonings  has  been  mainly  due 
l.o  th«  nilvaunoH  In  ooimpnMoiwi’l.  muiljnl.ui,,  ulitoli  Iwivo  1 u!')ndii()*iil  r«*gti Inlioim 
and  compensation  for  injury  and  the  installation  of  various  protective 
measures,  which  have  greatly  reduced  the  incidence  of  toxic  manifestations. 

In  the  past,  industrial  lead  poisoning  has  chiefly  been  caused  by 
the  presence  of  finely  divided  load  compounds  in  the  air.  One  of  the 
greatest  dangers  has  been  in  smelters  from  the  fumes  of  lead  oxides  and 
sulfates  from  the  furnaces,  and  next  to  that  in  the  fine  dust  from  tho 
flues  and  baghouse.  Lead  burners,  who  melt  together  two  surfaces  of  load 
with  a high  temperature  torch,  might  be  presumed  to  have  some  of  the  most 
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dangorous  work  among  the  metallic  lead  occupations  if  there  are  high 
temperatures  involved.  Another  potential  hazard  would  be  tempering 
metallic  objects  in  a bath  of  lead,  and  later  on  brushing  off  the  gray 
oxide  coating  which  has  formed.  Tho  very  lack  of  evidont  and  immediate 
danger  in  the  use  of  metallic  lead  seems  to  induce  a neglect  of 
ordinary  precautions  (21.),  Today  the  main  problom  in  industrial 
load  poisoning  in  promt  mod  to  1m  with  tho  small  plants  which  lack  a 
comprohonoivo  occupational  modlcino  program. 

S.  Summary 

Lead  is  ubiquitous  to  our  everyday  life,  perhaps  far  more  than  we 
realize.  We  have  long  associated  lead  with  industrial  processes;  but  it, 
and  its  alloys,  are  all  around  us.  Unfortunately,  it  is  not  always  easy 
to  recognize.  About  a third  of  its  use  is  in  chemical  compounds  that 
bear  no  resemblance  to  the  metal  itself.  Often  it  is  in  alloys  with 
other  metals  or  is  only  a hidden  component  of  some  device  we  commonly 
employ. 

Olneo  IV"),  when  Ilia  .Lead  industry  began  in  Uile  country,  'A  billion 
pounds  (this  flguro  excludes  all  load  that  has  boon  reclaimed)  of  lead 
have  been  consumed  in  products  that  aro  now  in  our  environment.  Some  of 
it  remains  in  our  structures;  but  because  lead  does  not  deteriorate  or 
decay,  much  of  it  lies  whore  it  was  discarded  in  our  soil  and  rubbish 
heaps.  It  is  necessary  when  evaluating  load  body  burdens  to  consider 
environmental  contamination  as  well  as  industrial  processes.  Sources 
of  lead  are  all  around  us. 
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III.  IEAD  IN  THE  ENVIRONMENT 

A.  Introduction 

Lead  occurs  everywhere  in  the  environment— in  the  soil,  in  the  water, 
and  in  the  atmosphere.  It  has  been  detected  in  the  remotest  regions  of 
the  world  and  is  found  both  as  a natural  constituent  and  a contaminant . 
load  is  found  aa  a natural  oonntltuont  of  +ho  atmonphoro  at  0,0005  mloro- 
gramo  por  oubio  motor  of  air  (23),  with  its  primary  oourcoo  bolng  airborne 
dust  containing  10-15  parts  por  million  load  (24)  and  gaseous  diffusion  of 
load  from  the  Earth's  crust  (25),  Load  has  occurred  in  the  atmosphere 
throughout  geologic  time.  By  analysis  of  annual  ice  rings  in  the  interior 
of  Northern  Greenland,  it  has  boon  found  that  lead  concentrations  in  the 
atmosphoro  have  incroasod  from  loss  than  0.0005  mlcrogramo  por  kilogram 
of  ice  at  800  B.C.  to  moro  than  0,2  mlcrogramo  por  kilogram  In  19&5  A.D. 

At  the  beginning  of  the  Industrial  Revolution,  in  3750»  the  ice  layer 
showod  a load  oonoontration  25  times  groator  than  tho  natural  layer  (9)» 

Load  has  long  boon  rocognlzod  as  on  industrial  poioon,  but  it  has  not 
boon  until  rocont  yoaro  that  tho  of foots  of  load  an  an  environmental  polnon 
have  boon  considered,  Man's  activities  have  tondod  to  inc rosso  tho  load 
lovolo  around  and  within  his  domicllo.  Industrial  production  of  lead  and 
its  products  have  caused  contamination  of  the  atmosphere  with  subsequent 
fallout  to  the  surrounding  soil  and  water ? * 

The  metabolism  of  lead  in  man  has  been  studied  intensively.  Load 
which  travels  undisturbed  through  the  intestines  or  falls  upon  the  skin 
to  be  washed  off  has  no  practical  health  concern.  It  is  only  when  lead 
is  absorbed  into  the  internal  environment  of  the  body  that  one  begins 
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to  think  in  terms  of  a lead  body  burden.  Quantities  of  lead  Ingested  or 
Inhaled  from  the  general  environment  are  thought  to  be  small,  but  merit 
consideration  because  of  the  total  and  cumulative  effeots  of  lead  in  the 
body. 

Bi._SgU 

Load  occurs  naturally  in  tho  soils  of  tho  Earth  with  an  average  order 
of  magnitude  of  parte  per  million  There  api>°n.re  to  lw»  n natural 

mechanism  moving  lead  upward  in  the  crust  of  the  Earth  (9)#  In  virgin  soils 
Kehoe  found  a range  of  0.07  to  30*0  parts  per  million  (27).  Maximum  values 
for  natural  soils  have  been  reported  over  200  parts  per  million  (28,  29) • 
Soils  near  natural  deposits  of  lead  containing  ores  have  been  reported 
up  to  10,000  parts  per  million  (30).  No  soil  samples  of  sufficient  size 
have  been  found  to  be  free  of  lead. 

K range  of  lead  concentrations  havo  been  found  in  contaminated  soils 
by  many  invostigators.  Soil  contamination  by  load  can  be  divided  into 
two  oalogorlnnl  burnod  loaded  fuel  and  Industrial  proooooon  and  products. 
The  burning  of  leaded  fuel  omits  lead  into  tho  atmosphere  primarily  from 
automobiles  and  boars  a direct  relation  to  tho  donsity  of  the  traffic  and 
inverse  relationship  with  distance  from  the  traffic.  The  surface  soil  of 
parks,  narrow  bands  along  major  thoroughfares  and  street  dust  in  larger 
cities  are  heavily  contaminated  (9,  18,  31 , 32,  33) • Of  the  two  cate- 
gories, the  lead-using  industries  have  contributed  two  to  three  times  as 
much  lead  to  the  soil  environment  as  have  the  leaded  fuels  (9),  mainly 
in  the  form  of  paint  pigments  and  metallic  products.  The  highest  reported 
concentration  of  lead  from  contaminated  soil  has  been  due  to  the  contri- 
bution from  the  natural  weathering  of  house  paints  (18,  3d) , The  highest 
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reported  concentrations  of  lead  in  soil  due  to  contamination  have  been 

20.000  parts  per  million  (3^)«  Because  of  the  insolubility  of  the 
lead  pigment,  it  may  remain  in  the  soil  long  after  the  paint  source 

has  been  removed.  Tho  concentration  of  lead  in  the  soil  from  weathering 
house  paint  is  dependent  upon  tho  load  contont  of  tho  paint,  the  dis- 
tance from  tho  house,  tho  nl7,o  of  tho  houuo,  tho  dogroo  of  woathoring, 
the  muinbnnanoe  level,  and  the  moteorologloal  conditions.  Limnltorn 
and  lead  processing  operations  contribute  to  soils  downwind  from  them. 

Urban  soil  containing  high  concentrations  is  a potential  major  environ- 
mental lead  source  for  children  (l8). 

C.  Air 

The  concentrations  of  lead  in  ambient  air  in  U.S.  cities  range  from 
one  to  five  micrograms  per  cubic  meter  (18,  32,  33»  3^)*  High  concentrations 
of  8.7  micrograms  per  cubic  meter  from  London  (37)  and  8.9  micrograms  per 
cubic  meter  from  Tokyo  (38)  have  been  reported.  Wearly  98  percent  of  the 
airborne  lead  that  can  be  traced  to  its  source  comes  from  the  combustion 
of  leaded  mn  I nr  fuel  (')),  Air  over  heavily  traveled  streets  nmitslnn  more 
lead  than  that  above  lightly  traveled  onesi  also,  air  in  urban  areas  con- 
tains higher  concentrations  of  lead  than  that  in  rural  areas  (32).  About 
half  of  the  lead -containing  particulate  matter  from  automobile  exhausts  is 
removed  from  the  air  by  gravity  within  a few  hundred  feet.  The  air  over 
the  largest  American  cities  has  a concentration  of  lead  20  times  greater 
than  the  air  over  some  sparsely  populated  areas  of  the  country  and  nearly 

2.000  times  greater  than  the  air  over  the  mid-Facific  Ocean  (9). 


Lead  compounds  in  the  atmosphere  are  dispersed  from  many  other  minor 

I 

sources i dusts  produced  by  the  industrial  processing  of  leaded  products 
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usually  contained  in  the  near  or  immediate  vicinity  of  the  processing 
plant  (39)  j "by  the  exhausting  of  workroom  atmospheres;  the  weathering 
of  lead-containing  products  with  the  resultiag  flaking  and  distribution 
into  the  atmosphere  of  a portion  of  the  lead-bearing  dusts,  such  as 
paint,  solder,  etc.;  the  abrasive  action  of  automotive  traffic  on  lead- 
palntod  lane  dividers  on  ntreoto  and  highways;  the  combustion  of  coal 
tts<1  mi  is  1*1 1 id  ml  Will  u Inn  high  lit  intvl  nniiiitin  L mil  one  | l.liti  I110I11- 

eratlon  of  leaded  plastics  and  other  materials  whose  usefulness  has 
ended;  the  burning  or  sandblasting  of  lead-painted  surfaces  of  houses, 
bridges  and  other  structures  before  repainting;  the  recovery  of  lead  from 
old  battery  cases,  lead  pipe,  lead-sheathed  cable,  and  sheet  lead  in 
secondary  smelters;  and,  on  a small  scale,  the  welding  and  soldering 
operations  conducted  in  plumbing  and  electrical  repair  shops  (9.  32). 

The  magnitude  of  these  additional  sources  of  emission  could  be  considerable, 
but  it  is  unknown. 

There  is  somewhat  of  a controversy  about  the  role  that  atmospheric 
lead  plays  in  environmental  lead  poisonings.  One  group  contends  that 
under  ordinary  circumstances  the  amount  of  lead  that  oomes  Into  effective 
contact  with  the  body  through  respiration  is  only  a small  fraction  of  the 
total  lead  taken  in  through  all  sources  (l4,  40,  41,  42,  43,  44,  45).  Their 
contention  is  that  there  is  no  conclusive  proof  that  the  current  atmospheric 
lead  endangers  the  health  of  either  adults  or  children.  The  other  group 
argues  that  there  is  a significant  number  of  low-level  lead  intoxications 
in  children  which  cannot  be  accounted  for  by  pica  alone.  The  atmospheric 
concentration  contributes  to  the  total  lead  body  burden  and  may  be  a 
significant  factor  in  environmental  lead  poisoning  (46,  4?,  48,  49,  50, 
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51 • 52,  53,  5^,  55,  56).  They  further  argue  that  because  leaded  gasoline 
is  the  primary  source  of  atmospheric  lead  and  because  lead  is  not 
indispensable  to  gasoline , its  use  in  this  application  should  be 
discontinued . 

Upon  reflection  of  the  dissenting  scientific  opinions,  one  is 

romlnded  of  the  debate  that  occurrod  in  the  oarly  1920'n  concerning 

whether  or  not  to  ront.rlot  or  prohibit  white  load  paint.,  At  that  time 

the  concern  was  for  the  painter  and  the  arguments  wenti 

"Any  prohibition  of  the  use  of  white  lead  in  the 
painting  industry  would  practically  mean  a calamity 
for  the  consumers  of  paint , as  the  result  would  be 
less  permanent  and  satisfactory  work,  for  the  reason 
that  white  lead , when  used  either  alone  or  as  a 
constituent  of  prepared  paints,  meets  requirements 
that  in  the  prese.vt  state  of  the  art  cannot  be 
practically  met  by  the  substitution  in  substantial 
amounts  by  other  pigments  for  it....  The  risk  of 
lead  poisoning  can  be  entirely  removed  if  the  workers 
will  observe  scrupulous  personal  cleanliness.  If 
this  were  done  any  cases  which  did  arise  would  be  due 
solely  to  the  worker's  own  carelessness...  to  describe 
painting  as  a dangerous  trade  is  merely  an  arbitrary 
statement....  White  lead  could  no  longer  be  regarded 
as  dangerous  to  health,  thanks  to  the  improvements 
in  its  manufacture...  dangers  exaggerated...  infringe- 
ment of  liberties.,.,"  (57). 

in  retrospect,  it  Is  easy  to  see  the  fallacies  of  the  above  arguments. 

If  the  truth  had  been  realised  then,  many  cases  of  pediatric  lead  poisoning 
would  never  have  occurred. 

It  is  clear  that  one  major  source  of  general  environmental  contamination 
is  the  combustion  and  dispersion  of  lead  alkyl  compounds  used  as  auto- 
motive fuel  additives.  Much  speculation  has  been  offered  as  to  their 
contribution  to  the  total  dally  assimilation  of  man;  however,  factual  data 
is  very  limited  and  mostly  unknown.  In  children,  also,  the  extent  to 
which  atmospheric  lead  in  congested  urban  areas  contributes  to  Increased 
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load  absorption  and  lead  poisoning  is  not  clearly  defined;  here,  however, 
many  authorities  feel  that  atmospheric  lead  due  to  leaded  gasolines  could 
be  significant, 

D,  Water 

The  lead  content  of  natural  waters  ranges  from  0.001  to  0.06  milli- 
grams of  load  por  lltor  of  wator  (l  , 27,  The  natural  or  troatod 

water  nupplinn  available  for  ium  in  the  but  Led  Jll.aUm  usually  contain 
about  0.01  to  0.03  milligrams  por  litor  (3V),  woll  bolow  the  Unltod  States 
Public  Health  Service's  standard  for  drinking  water  of  0.05  milligrams 
per  liter.  Consequently,  water  does  not  constitute  a significant  source 
of  lead  (l).  Lead  in  surface  waters  is  usually  associated  with  sediments 
of  suspended  solids  rather  than  dissolved  in  water.  3ecause  most  of  the 
lead  entering  the  aquatic  system  via  precipitation  and  runoff  is  not  water- 
soluble,  it  is  apparently  removed  from  the  water  by  sedimentation  (9), 

Common  treatment  processes  used  by  water  suppliers  seem  to  be  very  effective 
in  removing  load  (60). 

Load  contamination  In  drinking  wator  hun  boon  dotoctod  duo  to  nolublo 
lead  salts  in  the  luting  compounds  usod  in  the  joints  of  water  pipes,  lead 
piping,  especially  new  lead  pipes,  and  leaded  vessels  used  to  store  or 
carry  water.  If  the  water  is  allowed  to  romain  stagnant  in  these  systems 
for  prolonged  periods  of  tlmo,  excessive  contamination  by  lead  can  occur. 

There  have  been  reported  cases  of  load  poisoning  among  the  residents  of 
new  housing  developments  in  which  inadequate  care  was  exercised  in  the 
general  water  distribution  system.  Similar  conditions  exist  whore  exten- 
sive lead  piping  has  been  used  (63.).  Up  to  100  micrograms  of  lead  per 
liter  of  water  have  boon  found  in  lead-lined  storage  tanks  and  lead  piping  (62). 
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Water  can  also  extract  lead  from  leaded  plastic  (viniplast)  pipes  and 
containers  when  in  contact  for  extended  periods  of  time;  therefore, 
plastics  containing  lead  are  not  recommended  for  use  in  water  storage 
and  piping  (63,  64). 

Food  and  Drink 

Knhoo,  51^,  jiJ,,  (27)  found  load  In  nyory  food  lt.om  that  wan  obtained 
from  the  fields  and  dwellings  of  the  inhabitants  far  removed  from  society 
and  any  commercial  source  of  lead.  Kehoe  (l)  has  reported  that  the  lead 
content  of  the  composite  food  of  adults  in  the  United  States  ranges  from 
less  than  0.1  milligram  to  more  than  0.4  milligrams  per  day  with  an  average 
of  0.3  milligrams  per  day.  Lead  is  found  to  occur  in  all  foods,  whether 
of  vegetable  or  animal  origin  (l,  58,  65,  66,  6?,  68,  69,  70,  71).  Lead 
in  food  can  result  from  the  biologic  uptake  from  soils  into  plants  con- 
sumed by  food  animals  or  man,  usage  of  lead  arsenate  pesticides,  inadvert- 
ent addition  during  food  processing  and  by  leaching  from  lead  soldered 
containers  or  improperly  glazed  pottery  used  as  food  storage  or  dining 
utensils, 

1 . Lead  in  Plants 

Lead  in  plants  can  be  attributed  to  the  uptake  from  the  soil  either 
naturally  or  contaminated  from  spraying  or  industrial  processes,  or 
from  water,  either  rain  water  or  ground  water.  Lead  on  plants  is  due 
primarily  to  fallout  from  atmospheric  lead,  dach  source  of  lead  may  in 
turn  affect  the  roots,  stems  and  leaves  of  plants  in  a different  manner. 

The  low  solubility  of  lead  in  water  affects  the  ability  of  plants  to 
assimilate  lead.  The  primary  source  of  lead  uptake  in  plants  is  thought 
to  be  due  to  rainfall  (72),  Widely  varied  concentrations  of  lead  in  soil 
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have  little  effect  on  the  lead  content  of  plants.  The  naturally  occurring 
lead  in  soils  is  mostly  unavailable  to  plants  as  is  the  atmospheric  lead 
along  heavily  traveled  highways.  Leafy  portions  of  plants  within  a narrow 
band  of  busy  highways  contain  larger  concentrations  of  load  than  do  plants 
growing  farther  away — most  of  which  can  be  washed  away  with  water  (9)* 

Tho  amount  of  lead  contamination  on  fruits  and  vegetables  is  a function 
of  III*  (llatftnOo  from  the  highway,  the  extent  of  the  eui'I'aue  area  hX|m>mh<I, 
the  nature  of  the  collective  surface,  duration  of  exposure,  motor  vehic- 
ular traffic  density,  and  meteorological  conditions  (73,  7*0  • 

2,  Lead  in  Animals 

Lead  does  not  tend  to  accumulate  in  the  flesh  of  animals.  Lead  is 
a bone  seeker,  and  as  a general  rule,  the  accumulation  of  lead  in  the 
bones  of  vertebrates  as  well  as  fish  exceeds  that  in  muscle  by  a factor 
of  50  (9). 

3.  Lead  from  Containers 

High  concentrations  of  load  havo  been  found  in  commercially  canned 
foo'ln  duo  lo  tlm  loaoltlne.  of  load  from  l, ho  no l.doi'od  n«nmn  of  tlm  walls  of 
the  cans.  Storage  after  opening  the  can  of  produce  without  pouring  the 
contents  greatly  increases  tho  dissolution  of  lead  from  the  seams  and  the 
walls  (75).  Of  particular  concern  has  been  the  finding  of  high  concentrations 
of  lead  in  baby  food  (72,  76,  77 » 70,  79,  80),  primarily  fruit  juices  and 
milk.  A canned  tomato  product  was  analyzed  and  was  found  to  contain  over 
5,000  micrograms  of  lead  per  liter  (l6).  Dangerous  levels  of  lead  in  tooth- 
pastes have  been  reported  in  other  studies  (81,  82),  Acidic  foods  and 
beverages,  including  tomatoes,  tomato  products,  sauerkraut,  most  fruits 
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and  fruit  juices,  cola  drinks,  coffee,  such  alcoholic  beverages  as  wine 
and  cider,  and  pickles  and  relishes  using  vinegar,  can  dissolve  the 
lead  in  improperly  lead-glazed  earthenware  containers  (83,  84,  85,  86, 

87,  88,  89).  Also,  it  has  been  reported  that  the  ingestion  over  a 
period  of  time  of  acidic  foods  cookod  or  stored  in  loaded  pewtor  pots 
could  load  to  polnoning  (90).  On  a recent  roquont  from  the  Army  Air 
force  Itlxnliango  Jiorvloe,  the  bullae  biatrial  Office  of  the  food  and  brag 
Administration  analyzed  silver-plated  cups  and  goblets  sold  world-wide 
in  Post  Exchanges  and  found  excessive  levels  of  leachable  lead  in  the 
articles  examined.  Some  of  the  apparent  lead  sources  were  the  base 
metals,  spoils  and  fluxes  used  to  manufacture  this  holloware  (9l). 

4.  Illegal  Whiskey 

The  magnitude  of  the  lead  intoxication  problem  in  moonshine  whiskey 
drinkers  is  unknown,  but  it  is  suspected  that  it  may  be  significant, 
especially  in  the  Southeastern  part  of  the  United  States.  Lead  is  a 
common  contaminant  of  the  illicitly  distilled  whiskey  manufactured  in 
the  United  States,  The  contaminant  oomoa  from  the  mol  hod  of  nonet,  motion 
of  the  "stills."  Frequently,  old  discarded  automobile  radiatoro  are 
used  as  condensers,  while  the  other  components  are  generally  connected 
together  with  lead  soldering.  The  metallic  lead  is  attacked  slowly,  but 
surely,  by  the  hot  vapors  and  condensing  liquor.  Although  the  forms  in 
which  lead  is  present  in  liquor  have  not  been  identified,  it  is  thought 
that  acetic  acid  in  the  distillate  may  react  with  lead  to  form  lead 
acetate  (92).  Regardless,  the  concentrations  of  lead  in  moonshine  whiskeys 
have  been  analyzed  to  6how  up  to  five  milligrams  per  liter  of  sample  (93) • 
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The  most  serious  and  crippling  current  form  of  lead  poisoning  is 
encountered  in  infants  and  young  children  living  in  deteriorating  houses 
in  the  cities.  This  source  of  poisoning  is  known  as  pica.  "Pica"  has 
been  defined  as  the  repetitive  ingestion  of  things  that  are  not  food 
(e.g.,  dirt,  cigarette  butts,  plaster,  paper,  putty,  paint  chips,  wood, 
and  olay) « Today  in  the  United  Staton,  load  poisoning  In  ahildrnn  in 
bollevod  to  bo  duo  almost  ontiroly  to  tho  ropotltivo  oating  of  loadod 
house  paint.  The  clear  association  between  lead  poisoning  in  children 
with  pica  and  old  deteriorating  and  dilapidated  urban  housing  is  well- 
documented  (18,  9^,  95  * 96,  97)*  Lead  in  paint  chips,  plaster,  caulking 
and  dirt  ingested  by  children  with  pica  is  the  prime  causal  factor  in 
childhood  lead  poisoning,  with  the  lead  in  paint  being  the  usual  indicated 
agent  (98) . Additional  lead  may  have  been  ingested  by  people  who  chewed 
pencils  covered  with  leaded  paint  (99,  1.00,  3 01 ) . 

Federal  regulations  havo  boon  established  to  limit  tho  amount  of 
loud  which  nay  bn  added  1,0  pilule  Mini  am  lnl.»iid«d  for  rnuldonllnl  mm 
to  0,06  porcont  load.  Tho  lntont  of  ouch  limitations  is  to  ourtall  tho 
incidence  of  present  and  future  lead -based  paint  poisonings  of  children. 
Before  19^0,  lead  pigments  wore  widoly  used  in  both  interior  and  exterior 
paints.  As  recently  as  1958  lead-pigmented  paint  could  be  bought  for  use 
as  an  interior  paint  (102).  Today,  the  bulk  of  load-based  paints 
are  those  used  for  specialty  coating — rust  preventives,  moisture  resistant 
paints,  decorative  gloss  paints  with  oxotic  tints,  etc.  However,  a study 
by  the  U.  S,  National  Bureau  of  Standards  reported  that  violations  of  the 
statutory  lead -warning  label  requirement  wore  widespread  ( 1 03 ) • Generally, 


L. 


j 


-38- 


* hough,  the  source  of  lead  in  lead-pigmented  paints  is  considered  to  be 
the  paint  applied  to  woodwork  and  plastered  and  papered  walls  of  dwellings 
prior  to  World  War  II.  In  such  paint,  lead  may  constitute  five  to  40 
percent  of  the  final  dried  solids.  Hazardous  amounds  of  lead  paint  are 
still  available  in  many  old  housos  and  aro  readily  accessible  to  child- 
ren because  of  dotoriorating  conditions  (l04). 

In  1974,  n report  of  the  Ad  Jloo  UomwJ  tins  l.o  Kv/tlu/ito  the  JlaZ/ml  of 
Lead  in  Paint  prepared  by  the  National  Academy  of  Science  for  the  Con- 
sumer Product  Safety  Commission  recommended  reducing  the  permissible 
lead  content  of  paints  from  the  present  0.5  percent  to  the  "lowest 
practicable"  concentration.  The  report  stated  that  inadequate  scientific 
data  on  lead  poisoning  prevents  setting  a more  precise,  scientific 
standard  at  this  time.  Special  emphasis  should  be  given  to  learning 
the  lead  absorption  rate  of  children — the  primary  victims  of  lead 
poisoning  (105). 

The  hazard  presented  by  lead-based  paint  is  related  both  to  the 
lead  content  of  the  paint  and  to  poor  maintenance  of  painted  surfaces, 
it  in  easy  fur  a child  to  pick  and  eat  loose  flakes  from  chipped  and 
deteriorating  painted  surfaces.  The  lead  content  of  such  paint  flakes 
is  far  in  excess  of  the  amount  likely  to  be  Inhaled,  even  in  congested 
areas.  Therefore,  it  seems  clear  that  the  principal  cause  of  clinical 
cases  of  lead  poisoning  in  children  is  the  direct  Ingestion  of  lead- 
containing  paint  chips. 

6.  Cosmetics 

Some  commercial  hair  sprays  contain  large  amounts  of  load.  The 
solder  of  the  cans  gradually  dissolve  and  increase  the  lead  concentration 
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of  the  contents.  The  rate  of  dissolution  is  related  to  the  resin 
constituent  of  the  hair  spray  (106). 

F.  Summary 

The  role  of  naturally  occurring  lead  in  the  environment  in  not  con- 
niderod  to  bo  a major  factor  in  load  poisoning.  Tho  contamination  of 
the  environment  with  load  by  Industrial  proimiirwm  and  tho  nomlmntlon  of 
leadod  gaaollno  playn  a rnoro  significant  role,  but  tholr  oxact  contri- 
bution to  the  total  body  lead  burden  i3  unknown.  The  major  concern  is 
the  lead  contained  in  products  applied  to  the  home  environment  and  the 
contamination  of  foods  and  beverages  from  leaded  containers  used  in  the 
manufacture,  storage  and  processing  of  products  for  consumption.  Alcoholic 
beverages  and  acidic  foods  and  drinks  are  especially  apt  to  dissolve  lead 
from  the  containers.  Practically  all  wares  made  for  food  and  beverage 
service,  which  have  been  involved  in  incidents  of  lead  poisoning,  come  from 
small  studio  potteries,  hobby  shops,  or  homemade  ware,  classrooms,  foreign 
folk  or  specialty  shops  or  from  imports.  Untrained  people  should  not  make 
glazed  ooramio  artlolnn  intended  for  food  or  beverage  use,  Infants  ami 
young  children  are  believod  to  bo  at  an  increased  risk  to  lead  poisoning 
because  of  pica. 
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IV.  LEAD  POISONING 

A.  Introduction 

1 . General 

Lead  poisonings  have  plagued  mankind  throughout  recorded  history. 
From  antiquity  thoro  han  boon  knowlodgo  that  load  compounds  aro  toxic. 

It  in  now  known  that  load  in  all  forma  nan  )>o  itoVaononn.  Cnivl  la  hh|ki» 
daily  hazardous  bocauso  the  poison  is  cumulative,  the  toxic  effects 
are  insidious  and  are  apt  to  go  unrecognized  and  because  the  very  young 
tend  to  be  especially  susceptible.  Another  Inherent  danger  in  lead 
toxicity  is  that  the  population  is  not  always  aware  of  its  exposure. 

Lead  and  its  products  take  many  forms,  many  of  which  are  not  easily 
recognized.  Lead  poisoning  is  caused  by  processes  and  contamination 
produced  by  man,  and,  therefore,  should  be  preventable. 

2 . Background 

u 

Lead,  like  many  of  the  elements  man  has  adapted  for  his  use,  may  be 
harmful  as  well  as  beneficial.  Knowledge  and  clinical  studies  of  lead 
poisoning  date  from  the  lytli  Century,  when,  in  addition  to  industrial 
plumbism,  outbreaks  of  load  poisoning  occurrod  throughout  Western  Europe 
as  a result  of  the  addition  of  lead  to  wine  to  retard  fermentation  and 
because  of  its  employment  in  the  manufacture  and  storage  of  cider  and 
in  material  for  cooking  vessels  and  other  household  articles  (3).  The 
advent  of  the  industrial  revolution  brought  an  ever  increasing  demand 
for  the  heavy  metals,  lead  included.  The  steadily  increasing  employment 
of  lead  for  household  and  industrial  purposes  led  to  an  enormous  Increase 
in  the  number  of  lead  poisonings.  In  the  United  States  in  1 913 1 Alice 
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Hamllton  reported  there  occurred  at  least  1,770  cases  of  lead  poisonings 
in  19  plants  employing  some  7,500  men;  among  these  were  41  encephalopathies, 
35  cases  of  paralysis  and  16  deaths  (21 ). 

Occupational  medicine  has  made  great  strides  in  the  lead  industry  in 
this  country.  No  cases  of  death  attributed  to  Industrial  lead  intoxication 
have  been  reported  in  the  recent  literature.  Indeed,  one  must  scrutinize 
the  literature  oarefully  to  find  roporto  of  load  poinonlng  in  thin  oountry. 
Canon  that  are  reported  in  tlm  aui'rmil  1 1.1."  ml,  urn  urn  gn ha rally  inlld  and  in 
no  way  approach  the  severity  of  cases  reported  just  a few  years  ago.  In 
fact,  most  cases  that  are  reported  show  that  occupational  absorption  of 
lead  is  some  degree  of  elevation  above  that  of  the  normal  individual  in 
the  general  population.  Perhaps,  the  exception  to  this  is  pediatric  cases 
of  lead  poisoning  attributed  to  pica. 

A considerable  share  of  the  responsibility  for  the  dramatic  decrease 
in  industrial  lead  cases  must  go  to  scientists  involved  in  industrial 
medicine,  toxicology,  and  hygiene  who  have  persisted  for  the  last  50  to 
60  years  through  research,  investigation  and  consultation  on  regulation. 
Through  their  efforts,  them  am  now  industries  using  large  quantities 
of  lead  and  its  compounds  in  potentially  dangerous  operations  where  no 
case  of  even  the  mildest  type  of  lead  poisoning  has  occurred  in  many 
years.  This  has  been  accomplished  by  Innovative  process  changes  and 
engineering  controls  whereby  exposure  to  the  workers  has  been  minimized . 
Operations  that  require  exposure  are  monitored  by  medical  surveillance 
programs  to  Insure  workers  are  afforded  maximum  protection.  Though  medical 
surveillance  is  important,  the  principal  cause  is  reduction  of  exposure 
through  process  change  and  engineering  control.  The  industrial  hygiene 
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surveillance  monitors  the  controls,  and  medical  surveillance  monitors 
the  entire  program,  usually,  though  not  always,  the  lead  intoxications 
seem  to  come  from  smaller  industrial  plants  where  the  oooupatlonal 
health  program  is  inadequate  or  non-existent. 

B . Lead  Metabolism 

1 « Rqi \to_  of  Entry 

hoiiil  ontn|v)tin'ln  on  Lor  the  body  monL  oommonly  through  Llio  gnntro- 
intestinal  tract  and/or  the  respirator/  tract  (l).  Kehoe  has  estimated 
the  "normal"  adult  daily  intake  of  lead  from  food  and  beverages  and  in 
the  air  to  be  on  the  order  of  330  micrograms  per  day.  food  and  water 
are  generally  considered  greater  potential  sources  of  lead  in  man  than 
air;  yet,  there  are  many  uncertainties  as  to  their  relative  contributions, 
mainly  because  of  the  imperfect  state  of  knowledge  concerning  the  fate 
of  the  lead  that  is  inhaled  (9).  The  major  route  of  entry  for  lead  in 
the  Industrial  worker  i3  the  lungs.  Information  from  the  study  of  indus- 
trial populations  commonly  relates  the  clinical  or  biochemical  findings 
to  the  uoilrtrtitli'alion  of  load  in  l ho  air.  dlmllnt'  rotations  botwoon  the 
amount  of  lead  absorbed  and  the  biologic  effect  produced  have  been  found 
for  ingested  lead  (l). 

a.  Respiratory  Tract 

Precise  knowledge  concerning  the  contribution  of  inspired  air 
to  the  total  lead  body  burden  is  inadequate  to  allow  anything  more  than 
general  approximations  (9).  Actual  deposition  of  lead  in  the  respiratory 
tract  has  been  shown  to  be  approximately  37  percent  (l,  107),  varying 
with  particle  size.  The  degree  of  absorption  is  dependent  upon  the 
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proportion  of  the  dust  particles  that  are  respirable  (less  than  five 
microns)  as  well  as  the  respiratory  volume.  Little  is  known  of  the  fate 
of  the  lead  once  it  has  been  deposited  within  the  respiratory  tract.  It 
has  been  estimated  that  40  percent  of  the  lead  deposited  in  the  airways 
is  transferred  to  the  gastrointestinal  tract. 

Clinically  evident  disease  due  to  inhalation  of  inorganic  lead 
salts  does  not  usually  occur  unless  the  concentration  in  air  exceeds 
Q.r>  milligram  oubto  malar- -roughly  100  liman  Uin  maximal,  ntinnanlmllon 
reported  in  the  ambient  air  in  urban  areas  and  1,000  times  that  reported 
in  rural  ambient  air  (9). 

b.  Gastrointestinal  Tract 

Food,  water  and  other  beverages  are  the  major  sources  of  lead 
input  in  man  and  occur  via  the  gastrointestinal  tract.  The  best  source 
for  information  on  the  absorption  and  excretion  of  lead  in  man  comes  from 
Kehoe's  balance  studies  conducted  at  the  University  of  Cincinnati's 
Kettering  Laboratory  (l).  The  results  of  these  studies  over  a span  of 
many  yearn  aliow  that.  at.  a normal  Intake  the  amount  ot  lead  excreted 
generally  exceeds  slightly  the  amount  ingested  in  food,  water  and  inci- 
dental bevorages.  The  slight  greater  difference  in  output  over  input  has 
been  thought  to  be  attributable  to  lead  inhaled  in  air.  Kehoe's  data 
infers  that  net  absorption  of  lead  from  the  gastrointestinal  tract  is 
somewhat  less  than  10  percent,  some  of  which  is  excreted  back  into  the 
alimentary  tract  and  evacuated.  The  absorption  of  lead  from  the  gastro- 
intestinal tract  appears  to  be  regulated  by  the  mechanism  controlling 
calcium  and  phosphorous  absorption.  Approximately  90  percent  of  the 
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ingested  lead  is  eliminated  in  the  feces  with  about  10  percent  voided 
in  the  urine.  There  are  other  slight  losses,  of  which  sweat  is  the 
most  perceptible.  The  concentration  of  load  in  sweat  is  much  the  same 
a3  that  of  the  urine.  Lead  is  lost  in  falling  hair,  and  discarded 
and  desquamated  skin  to  some  variable,  imprecisely  known  degree. 

.0.1.  !lkl)l 

Absorption  of  lead  through  tho  skin  and  othor  poosiblo  portals 
of  entry  has  been  a matter  of  much  speculation  and  investigation.  It 
appears,  though,  that  penetration  through  the  6kin  is  a factor  only 
when  organic  lead  compounds  are  involved  (l. ). 

2 , Metabolic  Effect 

Lead  absorbed  by  the  pulmonary  blood  stream  is  transported  to  various 
organs  and  tissues.  More  than  90  percent  of  the  lead  in  the  blood  is 
held  by  erythrocytes,  but  lead  has  a preference  for  the  bone  and  thus 
will  accumulate  in  the  bone  tissue  (108).  Over  90  percent  of  the  human 
body  burdon  is  found  in  bono.  In  dosconding  order,  the  load  concentration 
Wan  liiglwnl  Lu  Urn  nor/ln,  IVv«u*,  kidney,  ivtiiuwan,  lungn,  hone,  nivlnon, 
testes,  heart,  and  brain  in  samples  taken  from  150  cases  in  nine  American 
cities  (12).  Increasing  concentrations  of  lead  havo  an  adverse  motabolic 
and  functional  effect  of  inhibiting  the  formation  of  heme  which  is  largely 
responsible  for  the  anemia  of  lead  poisoning.  Classical  lead  poisoning 
in  both  human  and  experimental  animals  is  characterized  by  the  accumulation 
of  non  heme  iron,  protoporphyrin  IX,  and  delta-aminolevulinic  acid  in  red 
blood  cells  (l 09)  which  leads  to  a shorter  life  span  of  erythocytes  and 
impairment  of  hemoglobin  synthesis.  Serum  iron  may  be  Increased  in  humans 


with  lead  poisoning,  but  without  iron  deficiency  states.  These 
hematopoietic  effects  occur  early  before  the  typical  signs  and 
symptoms  of  lead  intoxication  are  present,  and  are,  therefore, 
important  for  diagnostic  parameters  (iio). 


sonln.'t  (Sirens  and  Symptoms 


Industrially  lnduoed  lead  intoxication  is  gonerally  well  defined 
and  the  laboratory  results  are  unually  conclunlve  (ill),  liowovor,  low- 
level  environmentally  produoed  load  intoxication  can  display  a wide 
variety  of  symptoms.  Childhood  lead  poisoning  is  a type  of  plumbism 
which  is  especially  treacherous  and  in  which  the  sequelae  and  fatality 
rates  remain  disturbingly  high  (l). 


1 . Alimentary  Tract 

The  most  common  type  of  lead  poisoning  is  expressed  in  alimentary 
tract  symptoms.  The  chief  early  symptom  is  a loss  in  well-being.  The 
first  symptom  is  usually  loss  of  appetite,  especially  upon  first  arisal. 
Insomnia  with  bodi  ly  dlooowfort.  and  orampn  In  the  log  lunnnlon  often 
occurs.  Constipation  is  usually  proaont  (oven  though  diarrhea  has  boon 
found  to  occur)  with  colicky  abdominal  pains  which  may  present  with  sharp 
onset  and  recurrent  spasms  with  the  patient  in  excruciating  pain.  The 
patient  may  writhe  in  pain,  retract  his  legs  spasmodically  into  his 
abdomen,  groan,  clinch  his  hands,  and  grit  his  teeth,  while  beads  of 
sweat  cover  his  brow.  This  distress  may  subside  and  recur  or  it  may  be 
almost  continuous  (l , 112,  113,  11**,  115,  33o)«  The  general  non-specific 
symptoms  are  usually  considered  as  signs  of  poisoning  (117),  If  history 
reveals  an  exposure  to  lead  and  laboratory  analysis  shows  increased  lead 
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levels  in  body  fluids,  the  diagnosis  would  tend  to  point  to  increased 
lead  absorption.  These  symptoms  are  reversible  and  complete  recovery 
ia  possible  once  the  patient  is  away  from  the  lead  source. 

2.  Neuromuscular 

In  the  neuromuscular  type  of  lead  poisoning  the  neuromuscular 
symptoms  overshadow  the  alimentary  symptoms.  Gioatly  increased  muscular 
tone  with  spontaneous  pain  in  munolon  and  at  .joints  and  greatly  increased 
rofloxoo  in  the  extremities  may  ocourt  however,  moot  commonly  there  in 
a general  weakness,  lowered  tonus  and  atrophy  of  extension  muscles  which 
may  develop  into  "wrict  drop”  or  "foot  drop. " This  type  of  disability 
is  usually  irreversible.  Perhaps  one  of  the  most  significant  diagnostic 
symptoms  is  that  there  are  usually  complaints  of  generally  severe  fatigue 
and  of  weakness  which  seems  disproportionate  to  the  severity  of  the 
illness  (l,  118). 

3.  lincephalopathv 

Wncophalopathy  ( 1 19) * the  third  typo  of  load  poisoning,  chiefly 
occurs  In  children  and  In  manlier, led  by  hoadaoho  and  insomnia | pornlnlnnt 
vomiting,  which  may  be  projectile  (typical  lead  colic  may  or  may  not  be 
present)}  visual  disturbances  with  choked  optic  disks;  irritability, 
restlessness,  delerium,  hallucinations,  convulsions  and  coma;  intracranial 
pressure  is  characteristically  high  with  the  cerebrospinal  fluid  generally 
unremarkable  except  for  an  elevation  of  total  protein.  Death  occurs  from 
exhaustion  and  respiratory  failure  (24l).  The  mortality  rate  is  highi 
recovery  is  slow  and  frequently  Incomplete,  mental  enfeeblement  is  a 
oommon  sequel}  this  occurs  in  25  percent  of  the  cases  (9). 


-47- 


4.  Present -Dav  Plumblsm 

Kenoe  (120)  further  delineates  a current  type  of  lead  poisoning. 

There  are  numerous  variations  in  the  expression  of  lead,  intoxication, 
but  it  is  usually  one  of  a systemic  poisoning.  In  addition  to  the  above 
mentioned  types  there  may  be  quite  pronounced  hypotension  associated 
with  bradycardia  indicative  of  vascular  Involvement.  There  aloo  Booms 
to  bo  a localized  vano-oonntriollon  whioh  oaunnn  faolal  pallor  (naturnine 
faoion)  and  pallor  of  tha  oyu  grounds  with  retinal  hemorrhages, 

5.  Pediatric 

Infants  and  young  children  (less  than  four  years)  appear  especially 
susceptible  to  the  toxic  effects  of  lead . Lead  poisoning  in  small 
children  can  be  so  traumatic  as  to  cause  mental  enfeeblement  and  even 
death.  The  early  symptoms  of  lead  poisoning  are  subtle,  subjective  and 
non-specific  and  consequently  are  more  difficult  to  recognize  in  child- 
ren. There  are  many  reasons  why  young  children  may  be  more  susceptible 
to  lead.  Among  these  are:  greater  vulnerability  of  young  growing  tissue, 
gfnat.Hr  VrtftttUoii  til  /'.bhI.  fill  til  ortl.Vim  I miMKy  or  nllwtllnHy  to  Ini'ludo 
pH  ranges  likely  to  dissolvo  lead,  shifts  of  lead  into  and  out  of  growing 
bones,  and  inherent  sonsitivity  of  a child's  nervous  system  to  lead  ( 1 21 ) • 
Therefore,  a review  of  the  manifestations  of  pediatric  plumbism  and  its 
difference  from  the  adult  disease  is  given.  Gastrointestinal  symptoms 
are  recurrent— vomiting,  vague  abdominal  pain  and  constipations  rarely 
black  stools  in  the  absence  of  iron  therapy.  It  is  an  exceptional  case 
where  a child  exhibits  a lead  line  along  the  gums.  The  most  frequent 
hematological  indication  is  the  presence  of  microcytic,  hypochromic  anemia. 
Cerebral  involvement  may  vary  from  undue  drowsiness  to  deep  coma  or  repeated 
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grand  mal  seizures.  Sometimes  the  first  clues  are  repetitive  falling, 
clumsiness  and  ataxia.  A history  of  pica,  or  the  unusual  ingestion 
of  unusual  substances,  should  alert  the  physician  to  the  possibility 
of  lead  poisoning  (l  , 1.21  , 1.22,  123,  124). 

King  (125)  gives  300  micrograms  of  lead  from  all  sources  as  the 
maximum  daily  permissible  intake  for  children.  As  the  average  Intake 
incroasos  above  this  valuo,  tho  ontlro  amount  cannot  bo  excreted,  resulting 
in  aooumulablon  within  tho  body.  Tho  bodily  oonoontrablon  lncroanoo  pro- 
gressively as  long  as  undue  lngostlon  continues.  The  maximum  daily  per- 
missible intake  was  based  on  caloric  intake  of  young  children,  air 
exchange,  and  on  data  available  on  levels  of  lead  in  blood  of  non-exposed 
and  exposed  children,  including  those  with  frank  lead  poisoning t results 
of  experimental  lead  ingestion  by  adults j fecal  lead  output  in  children! 
Initial  biologic  effects  of  increased  lead  intake  as  related  to  blood 
lead  levels;  rates  of  increases  in  lead  in  the  blood  of  exposed  child- 
ren, and  sequelae  of  lead  poisoning. 

1),  laboratory  Tnni.s 

Current  emphasis  in  litorature  might  lead  one  to  believe  that  lab- 
oratory procedures  had  replaced  clinical  examination  and  epidemological 
investigation.  Among  tho  many  laboratory  aids  for  the  diagnosis  of 
chronic  lead  poisoning  are  urine  leads,  blood  leads,  glycosuria  and 
occasionally  aminoaciduria,  fluorescene  of  free  erythrocyte  protoporphyrin, 
increased  urinary  excretion  of  coproporphyrins,  basophilic  stippling  of 
erythrocytes  and  anemia  (241 ).  findings  of  more  than  30  micrograms  of 
lead  per  100  milliliters  of  whole  blood  or  240  micrograms  per  liter  of 
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urine  (24-hour  specimen)  denote  actual  occurrence  of  dangerous  absorption 
of  lead  (242).  The  upper  limits  of  "safe"  values  in  terms  of  mean 
concentrations  of  lead  in  the  urine  are  given  as  a range  of  100-240 
micrograms  of  lead  per  liter  of  urine.  The  upper  limits  of  "safe" 
values  for  blood  have  been  given  as  40-80  micrograms  of  lead  per  100 
milliliters  of  whole  blood  (241. ).  The  upper  limits  of  "safe"  values 
for  blood  in  the  podlatrlo  population  have  boon  glvon  hb  40  miorogramn 
of  lead  per  100  millllitoro  of  whole  blood . 

1 . Urine  Lead 

Kehoe  (l20)  also  defines  the  chemical  signs  of  lead  absorption. 

There  is  first  an  elevation  of  the  lead  concentration  in  the  urine  above 
the  ranges  of  values  considered  normal  for  the  population  at  large  from 
20  to  100  micrograms  per  liter  of  urine.  The  lead  urine  elevation  is 
followed  by  an  elevation  of  lead  concentration  in  the  blood  above  the 
normal  range  of  nine  to  50  micrograms  per  1 00  milliliters  of  blood . 

In  general,  a 24-hour  sample  of  urine  is  preferable  to  a single  sample 
(even  when  oorrocted  by  conventional  moans),  for  a chemical  determination 
of  lend.  Tim  oonoeiiti’nllou  of  .lend  In  llm  uvlim  In  dependent  upon  n number 
of  variables.  Urine  usually  undergoes  relatively  prompt  changes  relative 
to  lead  exposure.  There  are  other  factors  which  influence  the  rate  of 
urinary  excretion  of  lead  such  as  dilution  by  the  amount  of  water  available 
for  excretion  and  the  amount  of  physical  exertion  performed  by  the  individual 
during  the  collection  period.  A seasonal  factor  is  also  discernible  (242). 
Appropriate  urine  samples  to  be  representative,  therefore,  must  be  at 
least  24-hour  samples.  The  upper  limits  of  safety  for  the  concentration 
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of  lead  in  the  urine  vary  significantly  with  the  samples  obtained. 
Individual  analysis  of  lead  in  urine  in  excess  of  240  micrograms  per 
liter  of  sample  justifies  some  concern  that  dangerous  absorption  of 
lead  may  have  occurred,  ilaldonado  and  Samos  (l  26 ) have  found  that 
urine  concentrations  of  load  are  more  useful  in  diagnosing  chronic 
canon  and  concontrationo  of  load  in  the  blood  aro  more  indlcativo  in 
acute  cases. 


2 ■ Blood  Lead 

Kehoe  has  found  the  severity  of  the  occupational  exposure  to  be 
more  precisely  related  to  the  concentration  of  lead  in  the  blood  than 
in  the  urine.  The  concentration  of  blood  lead  is  considered  more  use- 
ful than  that  in  urine,  because  blood  is  not  subject  to  large  fluctuations 
in  water  content,  as  urine,  or  to  the  influence  of  changes  in  renal 
excretory  capacity.  However,  it  should  be  noted  that  the  correlation 
between  concentrations  of  lead  in  blood  and  that  in  other  tissues  of 
the  same  person  have  not  been  defined  (9).  The  abnormal  but  safe  range 
in  adults  varies  from  50  to  70  micrograms  per  100  milliliters  of  blood. 
Because  of  the  increased  sensitivity  of  children  and  their  apparent 
higher  risk  for  environmental  lead  absorption,  40  micrograms  per  100 
milliliters  of  blood  should  be  the  very  maximum  range  for  normal  in 
children.  In  a study  of  90  cases  of  fatal  lead  encephalopathy,  all  but 
one  were  associated  with  blood  lead  concentrations  of  150  micrograms  per 
100  milliliters  of  whole  blood  or  greater  (l).  Likewise,  symptoms  com- 


-51- 


A 


liters  of  whole  blood.  Kehoe  (l)  reports  that  clear-cut  symptoms  of  acute 
lead  poisoning  are  associated  with  a blood  content  greater  than  80  micro- 
grams  per  1 00  milliliters  of  whole  blood . Clinical  studios  substantiate 
Kehoe’ s position  indicating  that  clear-cut  clinical  signs  and  symptoms  of 
acute  load  poisoning  aro  related  to  the  degree  of  current  and  recent 
absorption  of  lead  and,  in  tho  absence  of  oovore  anemia,  aro  almost  always 
associated  with  blood  lead  concentrations  greater  than  80  micrograms  per 
100  milliliters  of  whole  blood  (9).  At  higher  concentrations  than  80 
micrograms  per  100  milliliters  of  whole  blood,  the  severity  of  acute 
clinical  manifestations  is  not  closely  associated  with  and  cannot  be  pre- 
dicted precisely  from  the  blood  lead  concentrations.  Derangement  of  heme 
synthesis  is  always  evident  with  the  risk  of  symptomatic  illness  Increasing 
markedly  as  the  blood  lead  content  rises.  Gases  of  lead  intoxication  have 
been  reported  where  the  blood  lead  levels  never  exceeded  50  micrograms  per 
100  milliliters  of  blood  (121 , 127,  128).  At  the  other  extreme,  a man 
employed  in  a silver  recovery  process  plant  where  lead  was  used  as  sub- 
strate, on  a routine  examination  was  found  to  have  a blood  lead  level  of 
1,000  micrograms  per  100  milliliters  of  whole  blood.  Otherwise,  he  was 
generally  asymptomatic  (l 29) • These  cases,  however,  tend  to  be  the  rare 
exceptions  rather  than  the  rule,  but  they  point  out  the  fact  that  few 
diagnostic  procedures  are  completely  infallible. 


Other  Laboratory  Tests 


Further  laboratory  procoduron  to  assist  in  the  diagnosis  of  load 
poisoning  are  delta-aminolevulinic  acid  in  urine,  urinary  coproporphyrin, 
chocks  for  anemia,  stippling  of  rod  blood  colls,  and  roticulocytosis  (ll6). 
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Hone  of  the  signs  or  clinical  pathology  can  alone  confirm  or  rule  out 
the  possibility  of  lead  poisoning. 

Sj  Control  of  Lead  Hazards — Sources  of  Lead  Poisoning  (Cases) 

1 . Industrial  Poisoning 

a.  Scrap  Lead  Reclamation 

Comparative  studies  have  shown  that  the  greatest  dangers  are 
in  scrap  metal  salvage,  shipbreaking  and  manufacture  of  batteries  (127, 
130,  131.  132,  133.  134,  135.  136,  137)*  In  contemporary  scrap  metal 
and  shipscrapping  industries,  the  dangers  of  lead  are  not  as  controlled 
nor  as  familiar  as  would  be  liked.  The  often  chaotic  work  environment 
further  exacerbates  the  situation.  Too  often,  lead  reclamation  is  carried 
out  by  small  junk  dealers,  poorly  financed,  under-equipped,  and  unfamiliar 
with  lead  hazards.  In  Finland,  for  example,  in  1971  twelve  of  51  reported 
cases  of  clinical  lead  poisonings  were  due  to  scrap  smelting.  The  fact 
that  there  wore  less  than  50  workers  involved  in  scrap  smelting  makes  the 
statistics  more  impressive  (J38)»  Lead  reclamation  from  discarded  bat- 
teries follows  the  same  course,  with  the  greatest  danger  of  lead  intox- 
ication occurring  when  batteries  are  melted  (139*  140,  1.4l,  1.42,  143, 

1.44,  145).  The  dangers  of  lead  intoxication  by  exposure  to  lead  vapors 
and  ingestion  of  lead  dust  have  been  well  documented.  With  proper  worker 
precautions,  properly  installed  ventilation,  and  adequate  dust  and  fume 
collection  in  our  smelters,  foundries  and  other  lead  plants,  and  the  use 
of  respirators  in  trades  where  dusts  and  fumes  cannot  be  sufficiently 
oonUilnod,  nuoh  an  Cutting  rod  load  paintod  stool,  industrial  load 
poisoning  could  be  eliminated. 
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b.  Tetraethyllead 

Tetraethyllead  Is  probably  one  of  the  most  poisonous  products 
which  has  one  of  the  best  records  for  rarity  of  illness  associated  with 
its  handling  and  distribution.  Certainly,  this  is  true  in  relationship 
to  its  toxicity  and  total  volume  producod  and  used  annually.  In  the 
United  Staton  and  Canada,  ninco  tho  introduction  of  load  an  a motor 
gasoline  additive,  there  have  occurred  88  cases  of  tetraethyllead  intoxi- 
cation, 16  of  whom  terminated  fatally  (145).  The  dangers  from  tetraethyl- 
lead are i cleaning  and  repairing  tanks  for  the  storage  of  gasoline:  pro- 
cessing within  the  manufacturing  plant j handling  of  tetraethyllead  in 
refineries:  and  transportation  of  antiknock  compounds  (146,  147,  148, 

149).  Exceptional  circumstances  which  have  led  to  poisoning  have  ranged 
from  ingestion  of  the  material  by  accident  to  ingestion  with  suicidal 
intent,  its  uses  as  an  insecticide,  excessive  spillage  and  evaporation 
of  leaded  gasoline  in  fully  enclosed  and  unventilated  working  areas, 
and  cleaning  greasy  metal  parts  with  tho  leaded  gasoline  (150). 

c.  Plastic  lianufacturo 

In  recent  years  there  has  been  a continued  decrease  in  the  num- 
ber of  occupational  lead  poisonings.  The  notable  exception  to  this  trend 
has  been  the  plastic  industry  where  lead  stearate  is  used  in  the  production 
of  polyvinyl  chloride  plastic  (131,  153,  152,  153,  154,  155,  356,  157,  158, 
159),  Lead  dtearate  is  an  organic  compound  FbCCiSf^C^Jg  which  comes  in 
the  form  of  a white  powder  of  extremely  small  particles,  and  is  used  as  a 
ntablllzor  In  the  manufacture  of  tho  plaoticn.  Tho  powdor  oanlly  builds 
up  dust  clouds.  It  is  used  in  making  water  pipes,  electric  cables,  rug 
padding,  gutters,  and  drainpipes. 
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d . Others 

Other  cases  of  lead  poisonings  have  been  attributed  toi  the 
manufacture  and  application  of  leaded  paints  (l60,  l6l,  162,  1 63 * 164); 
cutting  painted  steel  girders  using  oxvacetylene  torches  causing  a 
massive  exposure  to  lead  fumes  (165,  166,  167,  1 68) j lead  fumos  from 
both  nmolting  and  rofinlng  furnacon  in  foundrioo  (129,  l6‘>)  I uno  of 
leaded  paint  in  badge  enameling  (142) ; work  in  a pewter  factory,  pol- 
ishing the  objects  with  sand  paper  and  abrasive  paste  (170);  lead  fumes 
from  traffic  inside  the  hont  ulanc  Tunnel — a tunnel  worker  employed  to 
direct  traffic  in  the  1.1.7  kilometer  tunnel  in  Chamonix,  France  ( 1 71 ) » 
tile  manufacturing  Cl  31 » 1 72 ) j manufacturing  of  ceramics  ^173);  soldering 
(174,  175i  176)j  work  Inside  printing  shops  (177,  178);  restoration  of 
old  lead  statues  (l. 79) ; and  plumbing  (l80).  In  most  cases  of  lead 
poisonings  the  worker  either  didn't  understand  the  risk  or  failed  to 
take  the  necessary  precautions.  This  is  also  a failure  of  management, 
which  has  not  informed  tho  worker,  nor  providod  the  techniques,  equipment, 
training  and  supervision  necessary  for  prevention.  Perhaps,  also  because 
of  the  insidious  character  of  lead  intoxication,  it  is  difficult  for  many 
workers  to  realize  the  Inherent  dangers  of  lead  fumes  and  dust  causing 
them  to  relax  their  hygienic  precautions. 

2.  f’on-Occupatlonal  Lead  Poisoning  (Adults) 
a.  Alcoholic  3evera,gos 

The  most  frequent  cause  of  adult  non-occupational  lead  intoxi- 
outlon  in  canned  by  drinking  "moonnhlno"  whiskey  (ry>,  139»  181,  lyo). 


In  ancient  times  lead  was  intentionally  added  to  wines  to  retard  fermen- 
tation or  to  soften  unploaoant  tastes.  As  early  as  1437  ordinances  wore 
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pas  s ed  to  prevent  "sweetening"  of  wine  with  lead.  Current  problems 
with  alcohol  and  lead  are  due  to  the  fact  that  lead  solder  or  lead 
pipes,  or  both,  are  used  in  moonshine  stills,  added  to  the  fact  that 
discarded  automobile  radiators,  soldered  with  lead,  are  used  as 
condensers  (191).  In  1965*  89  percent  of  the  analyzed  samples  of 
Alabama  moonnhino  contained  load,  39  porcont  bolng  groator  than  1 ,000 
micrograms  per  liter.  The  difficulty  with  lead  intoxication  in 
alcoholics  is  differentiating  the  symptoms  due  to  lead  from  neurologic 
manifestations  due  to  alcoholism.  It  is  very  easy  to  overlook  lead 
poisoning  on  diagnosis  of  alcoholic  myopathy,  delirium  tremors  or 
alcoholic  seizures. 

b,  Food  and  Beverage 

The  second  most  frequent  cause  of  adult  non-occupational  lead 
intoxication  is  due  to  contamination  of  drink  or  food  prepared  or 
stored  in  containers  containing  lead.  The  literature  abounds  with 
Isolated  incidents  of  lead  intoxication  due  to  contaminated  food  or 
drink  (l80).  A sampling  of  cases  are«  water  and  wine  kept  in  lead- 
glazed  pottery  (192,  195) • a reddish-brown  jug  used  to  serve  cider 
(196,  197).  wine  casks  coated  with  amalgam  and  joined  together  by 
copper  pipes  soldered  with  tin  plate  (198),  wine  made  in  lead-glazed 
bathtubs  (179*  199,  200),  a wine  barrel  painted  with  minium  to  prevent 
rust  (20l),  food  kept  in  lead-glazed  pots  (202,  203,  204,  205),  auto- 
matic machine  washing  of  cocktail  glassware  which  caused  the  dissolution 
of  tho  white-leaded  inside  frosting  v20o),  lead-llnod  drinking  glasses 
(207),  dinnerware  (208),  and  salt  from  an  antique  salt  shaker  composed 
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of  80  percent  lead  (209).  This  list  is  by  no  means  complete,  but 
hopefully  it  serves  to  indicate  the  potential  contamination  of  food 
and  drink  from  containers  that  can  leach  load.  It  would  appear  that 
the  greatest  risk  items  are  alcoholic  beverages  and  acidic  type  foods. 
The  consumers,  unaware  of  the  proliferation  of  products  containing 
load  on  tho  markot  or  of  load  concentrations  in  products  they  use, 
can  unknowingly  ingest  sufficient  quantities  of  lead  to  cause  poisoning. 
Many  people,  apparently,  are  not  aware  of  the  problems  that  lead  can 
cause,  or  do  not  realize  the  proliferation  of  lead  products. 

c ■ Potable  Water 

Other  cases  of  non-occupational  lead  intoxication  poisonings 
have  been  reported  as  due  to  water.  In  one  case  the  water  was  con- 
taminated from  lead  joints  within  the  water  softener  (21 0).  A more 
commonly  reported  type  of  water  contamination  is  from  water  allowed 
to  stand  in  lead  storage  tanks  or  lead  pipes  (211 ). 


d.  Others 

Other  sources  for  lead  poisoning  cases  have  been:  barley 
wator  for  cystitis  prepared  in  a lead  jug  (21.3)*  an  ointment  used  to 
prevent  baldness  that  contained  lead  (213),  "sindoor"  (a  red  powder 
applied  to  the  face  of  married  women) — thought  to  have  been  ingested 
(214),  and  lead  powder  from  a gunshot  wound  (215). 

3.  Pediatric  Poisoning 


An  load  in  tho  workplace  bocamo  more  stringently  controlled,  tho 
emphasis  on  lead  poisoning  shifted  from  the  industrial  setting  to  the 
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community  where  the  public  was  alerted  to  the  potential  ills  of  lead  in 
the  environment.  Almost  without  exception  the  victims  of  environmental 
lead  poisoning  have  been  children,  usually  children  from  one  to  four 
years  of  ago.  The  major  causo  of  environmental  load  poisoning  has  been, 
and  continues  to  be,  lead-based  paint.  White  lead,  basic  lead  carbonate, 
was  in  the  past  extensively  used  as  a pigment  for  paints.  The  widespread 
use  of  white  load  paints  in  tho  past,  both  indoors  and  outdoors,  moans 
thoro  aro  many  old  buildings  in  which  thnno  ixilritn  can  still  bn  found, 
even  though  they  may  have  boon  covered  with  other  paints.  In  addition 
to  lead  in  paint,  there  is  also  a danger  from  lead-contaminated  street 
dust  and  soil  along  main  thoroughfares.  Existing  evidence  indicates 
that  lead  concentrations  of  contaminated  city  soil  may  be  20,000  parts 
per  million  (34),  while  polluted  city  air  may  contain  up  to  9.0  micro- 
grams of  lead  per  cubic  meter  of  air  (31 » 38).  As  the  source  of  environ- 
mental lead  poisoning  differs  from  industrial  lead  poisoning,  so  do  the 
groups  affected  differ. 

In  contrast  to  adult  occupational  load  poisoning  whoro  tho  Intoxication 
ronulto  from  prolonged  oxponuro  to  air  with  oxcosnlvo  lead  content  witli 
the  condition  usually  being  chronic  and  tho  rate  of  deterioration  of 
biological  functions  slow,  load  poisoning  in  children  proceeds  at  a swift 
pace  and  the  response  of  symptoms  can  be  correlated  to  lead  poisoning 
following  lead  ingestion  or  overwhelming  exposures  of  lead  concentrations 
such  as  battery  salvage  and  tetraethyllead  vapor  (24l ) . The  clinical 
signs  and  symptoms  develop  rapidly,  usually  within  three  months  following 
the  beginning  of  excessive  lead  ingestion,  and  death  can  also  occur 
rapidly  (216).  The  biological  differences  between  adults  and  children 
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are  anatomic,  physiologic,  pathologic,  and  immunologic,  with  body 
weight,  height,  caloric  intake,  basal  metabolic  rate,  nutritional 
disorders,  resistance,  etc,  performing  differently. 

a.  Pica 

Noarly  all  casoc  of  pediatric  load  poiconlngn  navo  boon 
attributed  to  pica  and  ingestion  of  old  paint,  plaster,  caulking 
chips  or  pitty  containing  lead  (l. , 9,  95  * 96  , 97  , 90,  1.81,  217  , 218  , 219, 
220,  221,  222,  223,  224,  225,  226,  227,  228,  229,  230,  231,  232). 
Lead-based  paint  has  been  found  to  contain  as  much  as  300,000  micro- 
grams of  lead  per  gram  of  paint  (9),  It  is  estimated  in  the  United 
States  that  600,000  children  annually  have  increased  lead  absorption, 

25  percent  of  whom  may  suffer  permanent  neurologic  damage.  King 
estimates  that  300  micrograms  of  lead  is  the  maximum  daily  intake  of 
lead  without  excessive  body  lead  burden  in  children.  The  daily  intake 
of  lead  by  urban  children  from  food  and  water  ranges  from  106-146  micro- 
grams (125). 

Ingestion  of  sufficient  quantities  of  paint  flakes,  or  street  or 
house  dirt,  containing  lead  can  cause  the  total  intake  to  exceed  the 
maximum  permissible  daily  intake  of  300  micrograms  and  result  in  blood 
lead  elevation  and  can  eventually  progress  into  lead  intoxication. 

Although  great  progress  has  been  made  in  recent  years  to  prevent 
and  control  the  absorption  of  lead  by  both  adults  and  children,  there 
are  still  some  child ron,  particularly  those  rosiding  in  city  slums,  who 
aro  still  poisoned  from  eating  loaded  paint  applied  to  old  buildings  over 
30  years  ago.  Nearly  ovoryono  agroos  that  the  primo  source  of  lead  intox- 
ication in  children  is  old  lead-based  paint  and  that  lead  intoxication 
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in  children  is  preventable.  The  Lead  Industries  Association  has  com- 
piled seven  steps  to  prevention! 

"(l)  Alert  and  warn  parents  and  others  who  live 

in  dwellings  which  have  lead  paint  in  interiors* 

(2)  Remove  Gourcos  of  load  that  children  can  oat* 

(3)  Take  stops  to  keop  any  child  suspected  of  eating 
lead  from  further  exposure * 

(4)  Jliynl  olnrin,  i«ibH,o  Mi  tin  rnnn,  ftti'l  nl.linivt 
should  watoli  for  early  symptoms  ol*  lean  absorption | 

(5)  Quick  and  accurate  diagnosis  prevents  serious 
consequences* 

(6)  Proper  and  careful  treatment  should  start  immed- 
iately after  diagnosis  of  lead  intoxication* 

(?)  When  a case  is  found,  check  other  children  in  the 
home  Immediately  for  possible  signs  of  lead  ab- 
sorption." (232) 

b.  Other  Pediatric  Sources 

Because  lead  poisoning  in  children  is  most  often  due  to  ingestion 
of  plaster  and  chips  of  lead-based  paint,  there  is  often  the  tendency  to 
think  of  lead  poisoning  occurring  only  in  children  who  live  in  dilapidated 
housing  where  the  deteriorated  conditions  and  plna  not  an  oo-oulprlts, 
llowovor,  there  are  roporto  in  tho  lltoraluro  of  pediatric  load  poisonings 
due  to  other  sources.  Casco  of  chronic  load  poisoning  in  childron  are 
reported  to  have  been  caused  by  intoxication  fromi  lead  dust  from  smelters 
when  children  lived  near  the  lead  works  (233 • 234)*  lead  fumes  caused  by 
the  extraction  of  gold  and  silver  from  jewelers'  wastes,  an  occupation 
practiced  in  the  homes  by  the  parents  (l4l,  214,  235,  236)*  fumes  from  the 
burning  of  battery  cases  (l4l  , 1 81  ) ; and  home  battery  manufacture  (181. ). 

Other  sources  of  lead  have  been  attributed  to  leaded  paint  on  toys  and 
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fumiture,  lead  nipple  shields,  a lead  washer,  baubles,  etc.  (9,  181, 

23?).  Children,  like  adults,  have  also  been  diagnosed  as  having  contacted 
lead  poisoning  from  food  and  drink  contaminated  from  lead-glazed  earthen- 
ware (180,  192,  1 93.  194,  195.  202,  203,  204,  205,  206).  Along  with  food 
and  drink  being  contaminated  from  lead-glazed  earthenware,  a report  from 
Africa  describes  a case  of  lead  poisoning  due  to  contamination  of  dried 
milk  as  it  was  reconstituted  in  a mixer  that  had  boon  ropairod  with  load 

HOlilm’  ( >' 'll! ) , Anot  her  llano  of*  polnonlllg  WaO  I’n  |H n'l.eil  nf’  a 0l1.ii.1l 

chewing  magazine  paper  which  had  been  printed  with  colored  ink  containing 
lead  (239).  Currently  there  is  an  increasing  trend  among  middle  class 
families  to  return  to  the  inner  city  and  to  buy  older  dwellings  and  restore 
them.  Two  cases  of  lead  intoxication  in  unrelated  incidents  were  reported 
as  being  due  to  the  inhalation  or  swallowing  of  small  particles  of  lead 
dust  generated  by  the  sanding  and  scraping  of  the  old  paint  in  the  process 
of  restoring  the  dwellings  (240). 
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V SUMMARY 

Lead  is  used  in  almost  every  major  industry  with  more  than  1.6 
million  employees  in  a host  of  industrial  manufacturing  procesr.03  and 
in  many  service  industries  potentially  oxponod . Lead  is  all  around  us 
in  our  environment,  in  water,  air  and  tho  soil;  it  i3  in  every  living 
thing  and  in  many  of  tho  products  with  which  man  oornon  into  contact. 

Load  oun  ontor  tho  body  by  inhalation  oc  by  ingoutlon  and,  in  tho  oaso 
of  organic  load,  by  absorption  through  tho  skin.  In  sufficient  quantities, 
the  result  is  the  same — severe  gastrointestinal,  blood,  and  central 
norvous  system  disorders. 

Inhalation  of  lead  dust  or  fumes  lias  been  the  most  frequent  means 
of  entry  and  has  resulted  in  most  of  the  industrial  health  problems 
encountered  with  this  metal.  Lead  is  a cumulative  poison;  a part  of  a 
small  daily  dose  is  not  eliminated,  but  is  stored  in  the  body.  Eventually, 
a point  is  reached  where  symptoms  and  disability — even  death — occur.  A 
particular  measurement  of  lead  in  the  environment  reflects  some  unknown 
fraction  that  might  oomo  into  oft'oetivo  contact  with  man  and  have  tho 
potential  for  Causing  a biological  disturbance.  Load  is  a known  toxin 
substance  for  which  no  beneficial  biological  role  has  been  demonstrated. 
Experimental  ovidenco  suggests  that  tho  least  measurable  quantities  of 
lead  within  the  cellular  structure  are  capable  of  affecting  cellular 
metabolism  and  these  effects  are  a function  of  lead  concentration. 


In  the  not  too  distant  past,  poisoning  clearly  attributable  to  airborne 
lead  exposure  was  a serious  and  frequently  encountered  disease  among 
workers  in  lead  smelters  and  in  the  lead -using  industries.  Today, 
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industrial  hygienic  programs  and  advanced  diagnostic  procedures  have 
substantially  reduced  the  hazard  to  lead,  enough  so  that  it  can  be 
said  that  industrial  lead  intoxication  is  a vanishing  malady.  However, 
workers  may  be  occupationally  exposed  to  hazardous  concentrations  of 
lead  by  cutting  red  lead  painted  steel.  Also,  potentially  dangerous 
conditions  may  still  exist  in  small  shops,  particularly  those  involved 
in  lead  reclamation,  where  supervision  is  minimal  and  occupational 
health  programs  are  non-existent. 

If  the  lead  industries  are  excluded,  then  the  only  hazardous  circum- 
stance relative  to  atmospheric  lead  pollution  in  man  is  the  urban  setting. 
The  high  concentrations  of  lead  in  urban  air  and  on  vegetation  and  streets 
constitute  a source  of  intake,  additional  to  the  usual  dietary  sources, 
and  in  special  circumstances  may  be  a substantial  source.  Although 
the  concentrations  of  lead  in  the  air  of  cities  pose  no  threat  to  the 
general  population,  the  extent  to  which  it  increases  lead  absorption  and 
lead  poisoning  in  young  children  is  not  known  but  thought  to  be  very  small. 
With  respect  to  young  children,  it  is  not  a matter  exclusively  of  inhalation 
and  particle  size,  inasmuch  as  very  young  children  mouth  and  eat  things 
that  are  not  food  rather  indiscriminately.  The  prevalence  of  pica  in 
young  children  complicates  the  problem.  Airborne  lead  wastes  from  such 
sources  as  automotive  emission  and  the  weathering  and  demolition  of  old 
buildings  can  bo  expectod  to  have  a significant  effect  on  the  total  intake. 
Regardless  of  extraneous  sources,  the  direct  ingestion  of  lead-pigment 
)ninln  in  mxloiiblnd l.y  tlm  principal  environmental  nom’oo  in  canon  ol’ 
severe  acute  lead  poisoning  in  young  children. 
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Lead.  ingested  by  young  children  in  pica  is  almost  entirely  due  to 
lead-pigmented  paint  applied  over  30  years  ago.  The  traditional  white 
lead  paint  weathered  by  chalking  and  so  some  of  the  lead  carbonate  would 
have  been  washed  away  by  rain,  to  be  dispersed  into  the  environment. 

Lead  paints  constitute  a recognized  hazard  bocause  of  flaking  and 
chalking,  and  from  the  load-containing  particles  roloanod  when  old 
[ininled  lAiulmi.1  tut'l  [mining  fit  nil  turn  n,m  hiirnml,  Un  Win  |x»nlLlvo  n1<lo, 
leaded  paint  production  has  declinod  sharply  from  the  average  of  over 
120,000  tons  of  lead  por  year  in  the  1920’s  to  only  2,440  tons  in  1974. 

The  Government  restricted  the  amount  of  lead  that  may  be  contained  in 
paint  to  0.5  percent  in  1970.  There  has  been  concern  by  the  Consumers 
Union  that  this  level  is  inadequate  and  they  are  lobbying  for  a maximum 
level  of  0.06  percent  lead  in  paint,  the  same  level  the  Childhood 
Poisoning  Prevention  Committee  advocates.  It  is  hoped  that  within  a 
few  years  the  problem  of  lead- pigmented  paint  will  have  disappeared  as 
older  structures  are  torn  down  and  destroyed. 

following  the  incidence  and  severity  of  load  poisoning  in  young 
children  dwelling  in  deteriorated  houses  and  urban  slums  and  the  Indus- 
trial lead  workers,  load  intoxication  has  boon  most  frequently  scon  in 
those  persons  who  imbibo  illicit  whiskey  regularly.  Isolated  cases  of 
lead  poisoning  occur  from  food  and  drink  prepared  in  leaded  containers. 
Other  sources  of  lead,  intoxication  are  rare. 

Insidious  lead  poisoning  is  more  prevalent  than  is  generally  realized. 


It  is  not  easily  diagnosed  and  unfortunately  is  often  missed,  larly  diag- 
nosis is  imperative,  and  it  would  be  hoped  that  knowledge  of  the  ubiquitous 
load  products  which  have  led  to  load  intoxication  in  the  past,  along  with 
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the  intricacy  of  lead  intoxication  symptomatology  would  be  helpful  in 
aiding  the  diagnostician  in  the  absence  of  adequate  histories. 


A 
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